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The endocrine ce l l s have a unique property'- of being able 
to respond to a specific physiological stimulus with a r e su l t an t 
re lease of stored hormone in a modulated fashion. The mechanism 
through which ext race l lu lar factors govern the i n t r a c e l l u l a r 
events in the endocrine pancreas remain poorly defined . The 
secret ion of insu l in by pancreati-p B-cells i s stimulated by 
sugars, amino acids, ketone bodies, hormones, c4MP and i t s 
der ivat ives „ Insul in re lease i s the r e su l t of a se r ies of 
phenomenon including synthesis of proinsulin in the endoplasmi* 
reticulum, t ransport of proinsulin to the C-olgi apparatus, forma-
t ion and maturation of /granules, conversion of proinsulin to 
insu l in , t ransfer or conversion of granules to a l a b i l e form 
and f i na l l y re lease of i r s u l i n from the B-cf^Tls. J.vctins from 
4ga?Acjl§_ bi sporus and Agaricus campestri_s_ stimulate insu l in 
re lease from i s l e t s of Langerhans , Binding of A_. b_iS|)o_r^ ils^  "^ lA-B 
stimulated insul in rt.'lease were inhibi ted in pa ra l l e l by a 
glycopeptide containirig the oligosaccharide receptor for l e c t i n , 
thus l e c t i n binding appears to be essen t i a l for the expression 
of i t s i n s u l i n r e l e a s i n g a c t i v i t y . The s t u d i e s have been 
c a r r i e d out '.vith the view to ob t a in some informat ion regard ing 
the e f fec t of some e x t r a c e l l u l a r events on the mechanism of 
i n s u l i n r e l e a s e . l e c t i n PHA-B and s t r e p t o z o t o c i n have been 
used for our s t u d i e s on t h e i r i n t e r a c t i o n with t h e i r pos s ib l e 
r e c e p t o r s on B - c e l l s membranes. 
ISOIATIOW, PURIPICATIOTT, li^TD CHARACT-SRIZATION OP IIICTITTS 
PROM AGARICUS BISPOEUS 
The need f r r the development of a more e f f i c i e n t and 
simple method for the p u r i f i c a t i o n of Agaric us b i sporus l e c t i n 
was f e l t e s p e c i a l l y when one of i t s f r a c t i o n Hi'i-B was found 
to be able to r e l e a s e i n s u l i n from the i s l e t s of langerhans „ 
The present p u r i f i c a t i o n procedure c o n s i s t s of Con A -
sepharose a f f i n i t y chromatography and phosphocei l u l o s e c h r o -
matography. A_, b i sporus PHA was pur i f i ed with a recovery 
of 90 .8^ and 6 fold p u r i f i c a t i o n by Con A -sepharosr column 
chromatography when crude e x t r a c t ('I'^ aCl e x t r a c t and hea t 
t r e a t e d ) wts passed through Con A-sepharose column and was 
e lu ted with 0,1 M mannose i n phosphate buffered s a l i n e , 0.-02 ¥^ 
pH 7>2o The p r e p a r a t i o n was reso lved in to two hemagr^lutinatine: 
f r a c t i o n s by phosphocel luloae column chromatography thus about 
80/^ ' of t h e hemagglut ina t ing a c t i v i t y of t he Con A-seDho.rose 
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e l u a t e was e l u t e d a t pH "5 =85 ( f r a c t i o n PH.-.-A), whereas 1S^ of 
t h e h e m a g ; ^ l u t i n a t i n g a c t l v i t j ^ was r e l e a s e d from t h e column 
v/hen t h e pH of t h e e l u t i n g h u f f e r was r a i s e d , t o 8 . 2 c 
The Con /i-sephc-rose e l u a t c e jd i i h i t ed one ma,ior and one 
minor band on p o l y a c r y l a m i d e gel e l e c t r o p h o r e s i s c n r r e s p o n d i n g 
t o PHA-JL and PHA-B . The PH/i-'i and FHA-B o b t a i n e d by p h o s n h o -
c e l l u l o s e column chromatography e x h i b i t e d s i n g l e band s e p a r a -
t e l y on p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s , showing homogeneous 
p r e p a r a t i o n of t h e two PHAs f r a c t i o n s . 
The m o l e c u l a r w e i g h t s of t h e p u r i f i e d .A_. bi_sj2oru_s_ PHA-.i 
and PHA-B as de t e rmined by sephadex G-100 g e l f i l t r a t i o n were 
64,100 and 58 ,000 r e s p e c t i v e l y The n e u t r a l s u g a r s c o n t e n t of 
t h e p u r i f i e d PHA was found t o b e 2 .'^'fo as e s t i m a t e d by pheno l 
s u l p h u r i c a c i d method . 
EFFECT OP AGARIGUS BISPORUS PHA-B On GJUGOSB ffiiTABOlISM IN 
ISOIATEI' ISIETS OP lAFGEPJIAHS 
These s t u d i e s were c a r r i e d out i n ^ r d e r t o s t u d y t h e 
e f f e c t of A_- b i s p o r u s PHA-B on oxygen u p t a k e by t h e i s o l a t t d 
i s l e t s of l a n g e r h a n s . I t was found t h a t i n t h e p r e s e n c e of 2 m_M 
g l u c o s e a l o n e and 2 mM g l u c o s e + 1 7 . 5 / a g / m l A_, b i s p o r u s PHA-B 
( t h a t p r o d u c e s h a l f maximal s t i m u l a t i o n of i n s u l i n r e l e a s e ) 
t h e r e was no s i g n i f i c a n t d i f f e r e n c e i n t h e ,u 1 of Op u p t a k e . 
S i m i l a r l y no s i g n i f i c a n t change i n Op up take was OID served when 
g l u c o s e c o n c e n t r a t i o n wtis r a i s e d t o 20 ml.^  and k e e p i n g HIA-B 
c o n c e n t r a t i o n 17o5/Ug/mlo Thus i t appeared t h a t t h e Ao h i s p o r u s 
PHA-B did n o t a l t e r t h e r a t e of i s l e t g l u c o s e metabol ism« 
IN VITRO STUDIES 0'^ AGARICUS BISPORUS PHA-B ?ffiPI 4TED IMSUIIN 
RBI5ASB FROM ISLETS OP LANGERHAtTS 
The s tudy was c a r r i e d out i n o r d e r t o d e t e r m i n e t h e i n s u l i n 
s e c r e t i n g p r o p e r t y of t h e p u r i f i e d .A_„ h i s p o r u s PHA-B For 
i n v i t r o s t u d i e s i s l e t s were i n c u b a t e d w i t h A, b i s p o r u s PHA-B 
(17 . '5/Ug-100/Ug/ral) i n t h e p r e s e n c e of 2 mM g l u c o s e i n KRB 
medium. Samples were drawn a t an i n t e r v a l of one h o u r and t h e 
i n s u l i n c o n t e n t v/as e s t i m a t e d by rad io immunoassay o 
I t was found tha.t a t 2 ml.'i ,<;lucose + 17o5/Ug/ml PHA-B 
t h e i n s u l i n r e l e a s e was 109 +/Ull/5 i s l e t s / h r as compared t o 
t h e c o n t r o l (2 ral'1 g l u c n s e ) , w h i c h was 33 4^  5/uU/5 i s l e t s / h r . 
Thus , t h e r e was 3 . 3 f o l d i n c r e a s e i n i n s u l i n r e l e a s e i n r e s p o n s e 
t o t h e l e c t i n as compared to t h e c o n t r o l . The s t i m u l a t i o n of 
t h e i n s u l i n r e l e a s e was found t o be l e c t i n dose a s w e l l a s 
t i m e dependent . The maximal s t i m u l a t i o n of t h e i n s u l i n r e l e a s e 
was o b t a i n e d a t l e c t i n c o n c e n t r a t i o n of about 60/Ug/ml a f t e r 
which t h e r e l e a s e of i n s u l i n t e n d s t o be s t a t i o n s x y . T'he 
l e c t i n s media ted i n s u l i n r e l e a s e from i s l e t s of l a n g e r h a n s 
p roceeded as a l i n e a r f u n c t i o n of t i n e f o r abou t one h o u r . 
The i n s u l i n r e l e a s e i n presence of 2 wli g lucose a lone and 2 rnP.1 
g lucose + 17=5/Ug/ml (A, b i sporus PHA-S) was enhanced from t h e 
"beginning and a.fter 20 minutes of incuba t ion t h e r e l e a s e i n t h e 
presence of 4_, b l sporus PH/i-^ was r-.bout t h r e e t imes as compared 
to 2 rdi g lucose alone ond the same p ropor t ion was maintained 
throughout the one hour period of i n c u b a t i o n . 
I t i s conce ivab le , t h e r e f o r e , t h a t l e c t i n induces a l t e -
r a t i o n s i n t h e s t r u c t u r e or arrangement of s p e c i f i c membrane 
components msiy i n some way f a c i l i t a t e the process of exocytos is 
wi th r e s u l t i n g a c c e l e r a t i o n of i n s u l i n r e l e a s e .. 
^^Oa^"^ UPTAKE STUilTig IW THE PRBSIINCE OP GIIJCOSE AFID 
Ao 3ISP0P.US PHA^ BY ISOIATSP ISp-HlTS OP I.AT>TGERHA]\TS 
?+ P-glucose a l t e r s t h e s t a t e of Ca i n i s l e t s of langerhans 
and enliances the r a t e of uptake of i so tope „ I t has been assumed 
t h a t B - c e l l s a re r e spons ib l e for observed s t i m u l a t o r y e f f ec t 
on i s l e t calc ium uptake and a very s t r i c t c o r r e l a t i o n between 
i s l e t r a d i o a c t i v i t y and i n s u l i n r e l e a s e has been demonstrated , 
These s t u d i e s were c a r r i e d out i n order to f ind out t he a b i l i t y 
of the p u r i f i e d k_, bis.p.ori2S_ to enhance ptake by i s l e t s 
as A ' b i spo rus PHA-rB i s a l s o an i n s u l i n secretagogue., 
I t was found t h a t i n t h e presence of 2 mM glucose + 
17=5/Ug/ml A,„ b isporus PHA-B the -^ Ca uptake by i s l e t s was 
enhanced more than eleven fo lds as compared to the c o n t r o l 
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(2 mM glucose) whereas when the l e c t i n concentration was raised 
, 415 2+ 
to 50/Ug/ml, the corresponding Ca uptake Toy i s l e t s was 
increased more than 30 folds as compared to the con t ro l . The 
Ga '^ uptake was found to be l ec t in dose and time dependent. 
4 5 2+ The r a t e of the ^Cn uptake increaseri with the concentration 
of the l ec t in and the maximal uptake ivas achieved at l e c t i n 
concentration of about 60,ug/ml and then the r a t e slows down 
u n t i l i t reached a s ta t ionary phase at about 75/Ug/ml l ec t i n 
concentrat ion. Thus there was a s t r i c t cor re la t ion between 
insu l in release and '^'Ca "^  uptake by i s l e t s . The maximal insu l in 
re lease as well as maximal Oa uptake was achieved at l e c t i n 
concentration of about 60yUg/ml, Both the studies were carr ied 
out in the same set of experiment „ 
For time course s tudies i s l e t s were incubated with 2 m?,I , 
45n.-.2+ 
;ct glucose, 2 vM glucose + 17.5/Ug/ml A^ . bisporus PH4-B and 
for various periods of t ime. The r a t e of Ga uptake increased 
l i n e a r l y with time for about 120 minutes af ter which i t became 
s t a t i o n a r y . There was a s ignif icant st imulation in the uptake 
of Ca "^  af ter the addition of A . bi^ 3£or£S_ PHA-B in the medium 
(17.5/Ug/ml) and thus at th is l e c t i n concentration the s t imula-
t ion of Ca "*" uptake i-- m.ore than 12.5 folds ascompared to 
the control (2 mM glucose) . 
2+ I t may be concluded that Ca plays a v i t a l ro le i n stimulus 
secre t ion coupling and the insu l in re lease and Ga "^  uptake i s 
affected by the l e c t i n (A. bisporus PHA-j?) . If insu l in re lease 
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i s controlled t y ionic events in or near the B-cel l membrane 
the action of the l e c t i n would be to bind d i r ec t ly to the plasma 
membrane or the t r ad i t i ona l receptors . The st imulat ion of 
4 5 ?+ 
-^ Ga uptake by l e c t i n a l so suggests t h a t t he l e c t i n induces 
a l t e r a t i o n s i n t h e s t r u c t u r e and arrangement of s p e c i f i c membrane 
component may i n some way f a c i l i t a t e t h e process of Ga up-
take and the process of exocytos is of hormone r e l e a s e . 
I¥SULII\T RSIEASI, IN AGING IN ETTiSPO^ -^ SE TO AGARICUS BISPORUS 
PHA,_B FROM ISLETS OP lANG^RHANS 
Matur i ty onset d iabe tes m e l l i t u s may be caused due to 
a l t e r e d i n s u l i n sc-cretion and b i o s y n t h e s i s , i nc reased a d i p o s i t y 
and a l t e r e d i n s u l i n a c t i o n . I t has been demonstrated t h a t 
g lucose mediated i n s u l i n r e l e a s e i s diminished i n aging« 
For in_ v i t r o s t u d i e s of the ef fec t of A . b i sporus PH4.-B 
on i n s u l i n r e l e a s e and -'Ca uptake by the i s l e t s i s o l a t e d from 
1, 3 , 6 and 12 month old r a t s were incubated with 2 mM s lucose , 
2 mlW glucose + 17o5/Ug/ml 4 , b i sporus PHA-B and '^ -^ Ca „ I t 
was found t h a t the basa l i n s u l i n r e l e a s e i n the presc.^nce of 
2 ml'i g lucose was almost the sam.e i n a l l the group of i s l e t s 
i r r e s p e c t i v e of t h e age of the r a t s . 
The A o bi_S£^griis_ PHA-B s t imula ted i n s u l i n r e l e a s e q u i t e 
s i g n i f i c a n t l y i n younger animals „ The i n c r e a s e i n the r e l e a s e 
of i n s u l i n i n the presence of l e c t i n in the case of i s l e t s 
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i s o l a t e d from one month old r a t was 6 fo lds as compared to the 
c o n t r o l (2 mT'/I g lucose a lone) whereas the i n c r e a s e i n the i n s u l i 
r e l e a s e i n the presence of the l e c t i n was 2 A fo lds as compared 
to t h e c o n t r o l i n the case of i s l e t s i s o l a t e d from 12 month old 
r a t . There was a l so a 1 .5 fold i n c r e a s e i n i n s u l i n r e l e a s e i n 
t h e case of i s l e t s of 1 month old r a t as compared to the i s l e t s 
of 12 month old r a t i n response to l e c t i n (A. "bisporus PHA-B) . 
I t may "be concluded tha t i n s u l i n r e l e a s e i n aging i n 
response to A. h i sporus EHA-B fol lows t h e same p a t t e r n as the 
g lucose s t imula ted i n s u l i n r e l e a s e and i f the concept of s p e c i f i c 
i t s 
i n t e r a c t i o n of A_, h i spprus PHA^ and- recep to r s l e ad ing to confor -
mat iona l changes i n t h e s t r u c t u r e of t h e memhrane of B - c e l l s i s 
accep ted , then i t would he conceivable t h a t aging has some 
e f f e c t on t h e s t r u c t u r a l or conform^ational i n t e g r i t y of B. c e l l 
membrane which would lead to a l t e r a t i o n i n t h e respons iveness of 
B - c e l l to A^o b i sporus PHA^. 
^^Ca^^ UPTAKE BY ISlSTS.OP DIFPDRSNT AGE GKOUPS IN PRESENCE 
OP AGARIGUS BISPORUS PHA-B 
A R 0-4-
The corresponding Ca uptake s t u d i e s were c a r r i e d out 
by i s l e t s i s o l a t e d from 1, 5? 6 and 12 month old r a t s i n r e s -
ponse to 2 mJ.'I g lucose and 4° "bisporus PHA-B. I t was found t h a t 
l i k e i n s u l i n s e c r e t i o n the '^•'Ca uptake by i s l e t s i n response 
to 2 mM glucose did not a l t e r with age and when the i ncuba t ion 
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p e r i o d was i n c r e a s e d from 1 hour t o 2 hour t h e r e was no change 
obse rved i n the u p t a k e . 
The s t i m u l a t i o n of Ca '*' u p t a k e by i s l e t s i n r e s p o n s e t o 
L' h i s p o r u s PH/.-B ( l7o5 /Ug / r a l ) was maximum i n t h e i s l e t s i s o l a t e d 
from younger a n i m a l s a s compared to t h e o l d e r o n e s . The u p t a k e 
h i g h e r 
i n r e s p o n s e to l e c t i n was 54 .5 f o l d ^ i n t h e c a s e of i s l e t s i s o -
l a t e d from 1 month o l d r a t a s compared t o t h e c o n t r o l ( 2 mM 
g l u c o s e ) whe reas t h e i n c r e a s e i n Ca ' u p t a k e was 20.4 f o l d i n 
t h e c a s e of i s l e t s of 12 month o l d r a t a s compared t o t h e c o n t r o l , 
The re was an I n c r e a s e i n l e c t i n s t i m u l a t i o n of Ca u n t a k e i n 
t h e c a s e of i s l e t s of 1 month o l d r a t by 3 f o l d a s compared t o 
t h e i s l e t s which were i s o l a t e d from 12 month o ld r a t . 
45 2+ The c o n c l u s i o n may be drav/n t h a t Ca u p t a k e i s p r o b a b l y 
a p r e r e q u i s i t e f o r t h e s t i m u l a t o r y a c t i o n of 4.° b i s p o r u s PH/i-B 
f o r i n s u l i n s e c r e t i o n and t h e i n t e r a c t i o n of PH/l-B and i t s 
r e c e p t o r which l e a d s t o c o n f o r m a t i o n a l changes i n t h e B - c e l l 
membrane would a f f e c t Ca "^  u p t a k e a n d c o n s e q u e n t l y e x o c y t o s i s 
of i n s u l i n - However, more work i s r e q u i r e d t o u n d e r s t a n d t h e 
e x a c t mechanism of A_. b i s p o r u s PH4-B media ted i n s u l i n r e l e a s e , 
EFFECT OP STREPTOZOTOCI]VJ\TICOTINAMDE IFTEEACTIO^T O^T PR0I1\TSU1I¥ 
BIOSyiJTHESiS IN iSOI/iTED ISIETS OP LAATGERHAFS s EFFECT OF LECTINS 
THEREON 
Streptozotocin i s a known diabetogenic agent vi/hose toxic 
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action can be reversed by nicotinamide „ In order to study the 
effect of streptozotocin-nicotinamide in te rac t ion these studies 
were performed by incorporation of C -leucine into acid-ethanol 
extractable proteins (pro insul in / insul in) <. 
I t was found that by increasing the concentration of 
s t reptozotocin from 0.03 to 1.5 mg per 60-70 i s l e t s , the b i o -
synthesis of t o t a l i s l e t protein decreased correspondingly as 
compared to the control (non-streptozotocin exposed i s l e t s ) 
and a t s treptozotocin concentration of 1.5 mg per 60-70 i s l e t s 
the t o t a l protein biosynthesis was retarded by 5 »5 fold as 
compared to the con t ro l . By increasing the concentration of 
nicotinamide from 0,5-4 mg per 60-70 i s l e t s , Keeping s t r e p t o -
zotocin concentration constant (1.5 nig)? the inh ib i to ry action 
of s t reptozotocin was reversed and at nicotinamide concentra-
t ion of 4 mg in the medium the protein biosynthesis was restored 
to control value . 
Similarly, the addition of s t reptozotocin (0,05-1.5 rag/ 
60-70 i s l e t s ) in the medium resulted in the inh ib i t ion of C-
leucine incorporation into acid-othanol extractable proteins 
(proinsulin) . I t was found that at s t reptozotocin concentra-
t ion 1.5 mg/60-70 i s l e t s , ' there was 79fo inh ib i t ion of the 
incorporation of the t r ace r into proinsulin and thus the proinaulin 
biosynthesis was retarded to 21^ as compared to the cont ro l . 
For protec t ive studies nicotinamide (0.5-4 mg/60-';'0 i s i .e ts ) 
was incubated at constant concentration of s treptozotocin 
1 a -
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(la5 mg)» I t was observed that at nicotinamide concfmtration 
4 rag/60-70 iB ie t s , 100 -^ proteo-tion was achieved against the 
s t reptozotocin tox ic i ty = 
There was no s ignif icant change in the incorporation of 
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C-leucine into i s l e t proteins and proinsulin in the presence 
of Ao "bisporus PHA-B . There was a 11^ decrease in the incorpo-
rat;p^ rad ioac t iv i ty in acid ethanol soluble protein as compared 
to the control o The decreased rad ioac t iv i ty counts in th-'^  aci 
ethanol extracts of i s l e t s may be due to the re lease of stored 
hormone in the B-ee l i s . 
I t may be concluded that streptozotocin a diabetogenic 
a,gent 5 inl i ibi ts the prcinsul in biosynthesis by depressing IIAE' 
which i s required by poly (ADP-ribose) polymerase for the repai r 
of DNA, the damage caused by s t reptozotocin . Nicotinamide a 
precursor of FAls^  may be preventing the decrease of NAD"^ ', thus 
maintaining the level of poly (Al)P-ribosc) polymerase which 
protects DFA from damage thus protecting proinsulin biosynthesis 
Alkylation of W>A bases in the pancreas by s treptozotocin may 
be another explanation for the inhibition, of proinsulin b i o -
synthesis , whereas nicotinamide reduces the extent of methyla-
t ion and thus preventing proinsulin biosynthesis , Ao bisporus 
PHA-B does not exert any effect on the toxic action of s t r e p t o -
zotocin, probably due to the i r different s i t e s of i n t e rac t ion 
on B-cel l membrane. 
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SECRSTIOI OF INSUIIN FROM ISOLATED ISISTS OF LA^ CxSRHANS 
I¥ RESPONSE TO CHOIT^CYSTOKIFIN (CCE-4) AKD ITS ANALOGUES 
Gholecystol^'inins a re loca ted i n c e n t r a l and p e r i p h e r a l 
nerves and t h e i r nerve t e r m i n a l s have been found i n pancrea t i c 
i s l e t s which have known i n s u l l n o t r o p i c p r o p e r t y . Among CCKs, 
CCK-4 (TryJilet-Asp-Phe-M^) i s t h e most e f f e c t i v e one,. CCK~4 
and i t s two analogues Glp-Het-ZiSp-Phe-EHp and Pro J'^iet-Asp-Phe-
KHp were synthesized i n t h i s l a b o r a t o r y and were s tud ied v/ith 
r e s p e c t to i n s u l i n r e l e a s i n g p r o p e r t y . 
The i n s u l i n r e l e a s e from the i s l e t s of l angerhans at the 
CGK-4 (Trp-Met-lsp-Phc-NHg) concen t r a t i on of 10~'^ ^M v./ps 
68 + 8 .uU/5 i s l e t s / h r as compared to the c o n t r o l (2 ml/I glucose) 
which was 50 + 5/UU/'5 i s l e t s / h r . The i n s u l i n r e l e a s e inc reased 
l i n e a r l y with the concen t ra t ion of the t e t r a p e p t i d e . vnien 
t ryptophan of the GCK-4 was rep laced "by p-glutamate the t e t r a -
pep t ide formed (Glp~Met-4sp-Phe-Mp) was not t h a t p o t e n t . This 
Q 
t e t r a p e p t i d e was a c t i v e a t h igher conccntr '- . t ion of 10 M. 
S i m i l a r l y when t ryptophan of the CCK-4 was rep laced by p r o l i n e 
the t e t r a p e p t i d e thus formed (Pro-Met-Asp-Phe-NH ) EQSO l o s t 
the a c t i v i t y . I t was a c t i v e at c o n c e n t r a t i o n not l e s s than 
1 0 ~ % . 
13 
I t may "be suggested that tryptophan i s necessary for 
the expression of insul in releasing a c t i v i t y of the CCK-4 . 
Any subs t i tu t ion on N-terrainEil may be the cause of less 
a c t i v i t y as shown "by the present s t ud i e s . However, i t v a i l he 
of G onsidorahlc i n t e r e s t to tos t the insul ino tropic a c t i v i t y 
of these a,nalogues on other animal species as GGKs are species 
specif ic for t h e i r a c t i v i t y . 
Some Biochemical Studies on the 
Islets of Langerhans 
(Factors influencing Secretion of Insulin) 
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P R E F A C E 
During the s ix ty years following the discovery of 
in su l in "by Banting and Best steady progress has "been made in 
elucidat ing the physiologic action and the chemical nature of 
the hormone, but i t was only during the l a s t two decades that 
research has been centred around the problems of biosynthesis , 
storage and re lease of i n s u l i n . I t appears that regulatory 
system for insul in secret ion i s subserved by multiple mechanisms 
and i s highly complex.. Consequently, inves t iga tors should 
an t i c ipa t e the p o s s i b i l i t i e s of a var ie ty of regulatory sequ-
ences control l ing the secret ion of insu l in in response to 
d i f fe ren t secretagogues „ Of utmost significance in th i s 
context i s the nature of the receptors on the B-cell membrane 
which make possible for some ex t race l lu la r factors to influence 
the i n t r a c e l l u l a r events in the B-cell„ 
The work which form the subject matter of th i s d i s s e r t a -
t ion i s the outcome of authors efforts in the d i rec t ion of 
obtaining some information about the effect of aging on the 
( i i ) 
B-cel l memlDrane of reit, the effect of s t reptozotocin t ox i c i t y 
on pro insu l in / insu l in "biosynthesis and i t s reversal hy n i c o t i -
namide and the effect of gas t ro in t e s t ina l hormone cholecystokinin 
on insu l in re lease from B-cells . The problem was approached by 
employing a l ec t in purified from white muslriroom Agaric us bisporus 
which binds on B-cell resul t ing in the st imulation of insu l in 
r e l e a s e . 
The r e su l t s reveal some new findings on l e c t i n po ten t ia -
ted insu l in re lease and calcium uptake and the effect of age on 
the suscep t ib i l i t y of B-cells to potent ia tors with respect to 
i n su l in re lease and calcium uptake. 
Many questions remain to be answered. If and when the 
missing pieces of the puzzle are to be found, i t may be 
possible to determine the etiology of diabetes and with such 
knowledge, eventually i t s cure,, 
(iii) 
A B B R E Y I A T I O N S 
MP = Ad eno si ne -5 ' -mo no pho s phat e 
ADP = Ad enos ine - 3 ' -5 ' -di pho sphate 
ATP = Adenosine t r i p h o s p h a t e 
Asp = Aspargine 
BSA = Bovine serum albumin 
cAMP = Cyclic adenosine-3 ' -5 ' -monophosphate 
Ca = Calcium 
Con A = Goncanavalin A 
cpm = Counts per minute 
DEAE = Diethylami no e thy l 
MA = Deoxyrihonucleic ac id 
EDTA = Ethylenediamine t e t r a c e t i c a c i d 
Glp = p-glu tamate 
HAU = Hemagglutinat ion un i t 
h r = Hour 
IgG = Immunoglobulin G 
mCi = mi H i c uri e 
Met = Methionine 
mg = milligram 
mJ.I = milli moles 
mRMA = messenger r i b o n u c l e i c ac id 
NAD = Kicotinamide adenine d i n u c l e o t i d e 
OD = Opt ica l d e n s i t y 
PAGE = Polyacrylamide ge l e l e c t r o p h o r e s i s 
PBS = Phosphate buffered s a l i n e 
PHA = Phytohemagglutinin 
Phe = Phenyla lan ine 
POPOP = Dimethyl 1,4 b i s {2-(5-phenyl o x a z o l e ) -
benzene 
PPO = 2 , 5 - d i p h ^ y l o x a z o l e 
HER = Rough endoplasmic r e t i cu lum 
con td . .o 
( i v ) 
EM/i = Ribonucleic acid 
rpm = Hevolution per minute 
SZ = S t r ep to^o toc in 
TCA = Trichloroacetic acid 
Tris = (Hydroxymethyl)-aminoetliane 
. Trp = Tryptophan 
uGi - microcurie 
Aj g = microgram 
yuM = micromoles 
uU = microunits 
+++++++ 
I N T R O D U C T I O N 
DiaTDGtes mellitus i s a very common metabolic disorder 
affecting above 2^ ^ of our population. I t i s one of the 
diseases against which there i s , as yet , no effect ive treatment 
for permanent cure . Hyperglycemia and glycosurea are the main 
symptoms of t h i s chronic d isease . I t i s also known as disease 
of the pancreas . 
The r e l a t i on of diabetes with pancreas was f i r s t e s t a -
blished by Von Mering and Mnkowsky in 1889. This led to the 
discovery of insu l in by Banting and Best in 1922, The d i sco-
very of insu l in also provided the f ina l evidence that pancreas 
was the source of i t s in te rna l secretion and was responsible 
for the regulat ion of blood glucose l e v e l . Insu l in was the 
f i r s t protein to be c rys t a l l i zed (Abel, ig26) and sequenced 
(Sanger and Thompson, 1953) - Again, i t wais the f i r s t protein 
hormone whose t e r t i a r y s t ruc ture had teen elucidated (Adams 
et_ a lo , 1969; Blundell e t_alo, 1971) = 
(2) 
Although ex tens ive r e sea rch work i s t e i n g c a r r i e d out 
with the view to the unders tanding of the n a t u r e and func t ion 
of the i n d i v i d u a l endocrine c e l l s , the e n t i r e c e l l u l a r 
composit ion and the exact mechanism of i n s u l i n r e l e a s e from 
B - c e l l s (Beta c e l l s ) s t i l l remains to "be f u l l y e l u c i d a t e d , 
THE ENDOCRINE PANCREAS 
The endocrine pa r t of t he mammalian pancreas i s composed 
of small c l u s t e r s of c e l l s - the i s l e t s , of langerhans - named 
by Laguesse i n 1894' a f t e r i t s d i scovere r Paul Langerhans 
(1869) . 
I t was l a t e r e s t a b l i s h e d t h a t i s l e t s of l angerhans v\fere 
endocrine g lands and t h e i r hormonal s e c r e t i o n s he lp c a r b o -
h y d r a t e metabolismo The i s l e t s of Langerhans are i r r e g u l a r l y 
d i s t r i b u t e d i n the pancrea t i c parynchyma. Their number i s 
q u i t e v a r i a b l e , but has been es t imated a t about 1,000,000 for 
t h e pancreas of most adul t human (Og i lv i e , 1937)- The t o t a l 
volume of the t i s s u e r e p r e s e n t 2 to 3^' of t h e whole gland and 
t o t a l weight amounts to 1-2 g i n a d u l t human (Maclean and 
O g i l v i e , 1955; Gepts , 1957, 1958),.. The i s l e t s vary c o n s i -
de rab ly i n s i z e , averaging 100-200/U i n d iamete r . Small 
i s l e t s a re more numerous but t h e major pa r t of t h e endocrine 
pancreas corresponds to medium s ized i s l e t s ' (Hellman, 1959) <> 
Each i s l e t i s suppl ied by one to th ree a r t e r i o l e s and drained 
(3) 
by one to s i x r enu le s (Bunnag et_al_,, 1963) = The i s l e t c e l l s 
a r e separa ted from the hlood stream by the l a r g e l y f e n e s t r a t e d 
membranes, one c l o s e l y appl ied to e p i t h e l i a l c e l l s , t h e o t h e r 
underneath the endothelium= In between normal i s l e t s show a 
few p e r i c y t e s , f i b r o c y t e s , h i s t o c y t e s and mast c e l l s (Bstermark, 
1.973) . 
CEILUIAR COMPOSITION OF THE EiroOCRINE PANCREAS 
Although more than one hundred years have passed s i n c e 
the d iscovery of pancrea t ic i s l e t s , our knowledge of t h e i r 
c e l l u l a r composit ion i s s t i l l incomplete„ Already i n 1907, 
l a n e demonstrated the ex i s t ence of two main types of i s l e t 
c e l l s , t h e A - (Alpha) and B - (Beta) c e l l s , . A t h i r d type , 
the D - c e l l was discovered by Bloom i n 1931 . In the pancreas 
of-normal adu l t humans, t h e B - c e l l s c o n t r i b u t e for about 75fo' 
of' the t o t a l i s l e t c e l l popula t ion whereas A- and D-ce l l s 
r e p r e s e n t 20^0 and 5^ a r e s p e c t i v e l y . Hov^ever, many p a t h o l o g i c a l 
cond i t i ons bes ides d i a b e t e s , many cause s i g n i f i c a n t v a r i a t i o n 
i n these f i g u r e s . The response of A- and B - c e l l s to d i f f e r e n t 
s t a i n s have led to cons ide rab le confusion about the nomen-
c l a t u r e of the i s l e t c e l l s . The s p e c i f i c i t y of some of the 
s t a i n s of A - c e l l s have been ques t ioned . I t has been shown 
t h a t c e r t a i n techniques not only s t a i n a l l non~B-cells but a 
v a r i a b l e amounts of B - c e l l s as wel l (Greu tz fe ld t , 1953; Gepts, 
1957) o On the o ther hand, with c e r t a i n techniques l e s s A - c c l l s 
(4) 
are stained (Hellerstrom and Hellman, I960) . A-cells have iDeen 
subclassif ied into A.- and Ag-cells , A^-cells are those that 
take up s i lve r and Ap-cells remain unstained. Ap-cells are 
stained by using s i l v e r impregnation technique as recommended 
by Grimelius (1968) hut i t also s ta ins few A^-ce l l s . The 
re l a t ionsh ip of A. -ce l l s to the D-cells of. Bloom i s s t i l l con-
t r o v e r s i a l . Most authors claim tha t A.-ce l l s and D-cells are 
i den t i ca l (F iy i ta , I964; Apple, 1968 and Grieder et_ al_, 1970), 
hut divergent opinions have been expressed. Van Assche (197O) 
has pointed out tha t not a l l D-cells are stained by the 
Hellman -Hel le rs t rom s i lve r technique and has expressed the 
opinion that the D-cells of Bloom cons t i tu te a heterogenous 
group of i s l e t c e l l s , some of which s t i l l await i d e n t i f i c a t i o n , 
l i k e (1967) even refused to recognize a th i rd c e l l type, and 
regarded the D-ceii as a viable but a l te red A-ce l l . Grieder 
et a]^,(l970) firmly opposed t h i s view and presented the D-cell 
as a d i s t i nc t and funtionally independent c e l l type . Deconinck 
§1-§i° (1971, 1972) in agreement with the findings of Van ^issche 
(1970), expressed the opinion tha t besides A- and B-ce l l s , the 
i s l e t s contain two other c e l l types which refer to as type I I I 
and type IV c e l l s . The four types of ce l l s were called 
respect ive ly A, B, D (corresponding to the type I I I ce l l s of 
Deconinck et_ a l . , 1971, 1972) and D^  (equivalent to the type iv 
c e l l s of the same authors) . I t was pointed out that ce l l s 
equivalent to D- and D.-cel ls are normally present in the 
(5) 
gas t roduodenal mucosa (So l i cea et_ al_o5 1973)- I t was a l so 
r epor t ed t h a t c e l l s i d e n t i c a l to pancrea t i c A-ce l l s a l so occur 
i n the same mucosa, a t l e a s t i n some spec ies (Unger and Orel , 
1975? Dohbs e ^ a ^ . , 1975; l a r s s o n et_ a l „ , 1975). B - c e l l s on 
the o the r hand have never been de tec ted i n the mucosa of mammals 
FUNCTIONS OF THE ISLET CSllS 
Specif ic func t ions of d i f f e r e n t groups of c e l l s of t he 
i s l e t s of langerhfeins are only p a r t l y unders tood . I t has been 
accepted s ince long time t h a t B - c e l l s are r e s p o n s i b l e for 
i n s u l i n formation and r e l e a s e , Among A-ce l l s only Ap-ce l l s 
s e c r e t e glucagon (Hel le rs t rom and Hellman, 1962; Pe t e r s son and 
Hellman, 1963; l undqu i s t e^ a l , . , 1970)= The r o l e of A ^ ^ e l l s 
i s s t i l l not c l e a r , Grieder and McGangan (1971) and lomsky and 
h i s co l l eagues (1969) a re of the view t h a t A^-ce l l s a re r e s -
po'nsible for the s e c r e t i o n of g a s t r i n , an i n h i b i t o r of i n s u l i n 
r e l e a s e . However, Greu tz fe ld t ©1 a l - (1971) , L o t s t r a et a l . 
(1974) , Pearse (1975 and Hokfel t e^ a l (1975) have f a i l e d to 
i d e n t i f y g a s t r i n c e l l s i n the i s l e t s of normal human. 
Somatos ta t in , a hormonal t e t r a decapept ide i s o l a t e d from 
hypothalamus i n h i b i t r e l e a s e of growth hormone from t h e a n t e r i o r 
lobe of the p i t u i t a r y has been found to be r e l e a s e d by D- (or 
type I I I ) - c e l l s (Brazeau e t _ ^ . 5 1973)= I t has a l so been 
c a l l e d somatotrophin r e l e a s e i n h i b i t i n g f ac to r or SRIP . 
(6) 
Systematic studies with the aid of an antihody raised in rabbi t 
against SRIF have revealed that th i s hormone also ex is t s in 
several per ipheral t i s sues , including the pancreatic i s l e t s 
(Hokfelt, 1973; Dubois, 1974; Luft e;L al°5 1974; Arimura e ; l a l« , 
1975; Dubois e;! al_o, 1975)= The discovery of somatostatin 
(or somatostatin l ike) c e l l s in the peripheral organs has ar isen 
considerable i n t e r e s t , because t h i s hormone has been shovm to 
inh ib i t many other secretory process apart from growth hormone 
release such as secretion of insu l in and glucagon (Albert! 
e ; l a l . , 1973; Chen et^a]^,, 1974; Curry e^ a^o, 1974; DeVane 
§ l a l ° 5 1974; Efendic et_ a]^., 1974; Fujimuto e_lal.o, 1974; 
Gerich et^a^o, 1974a5b ; Eoerker et_ al. . , 1974; Mortimer et a l o, 
1974; Sakurai and Unger, 1974) - The post inh ib i to ry overshoot 
of insu l in re lease af ter somatostatin may be produced jji_ vit_ro_ 
by suppressed action of stimula/tory hormone such as gas t r ic 
inh ib i to ry polypeptide (GIP) and prior infusion with GIP can 
also po ten t ia te glucose stimulated insu l in re lease (Johnson and 
Conley, 1980) » The close topographical re la t ionsh ip of somato-
s t a t i n containing ce l l s with B- and A-cell evokes the poss i -
b i l i t y of a local regulat ion of the re lease of insu l in and of 
glucagon by these c e l l s . 
The function of D . - (or type IV) ce l l s i s s t i l l not c l e a r . 
A possible candidate for secret ion of t h i s c e l l type i s the 
"pancreatic polypeptide" f i r s t i sola ted by Kimmel et_ al_. 
(1968, 1971)5 as a contaminant of chicken i n s u l i n . Peptide 
(7) 
similar to the avian pancreatic polypeptide (APP) have been 
i so la ted from loovine, ovine, porcine and human pancreas 
(langsley et_ aJ,? 1973) - Only a fev^ ? of the physiological 
propert ies of th i s ne¥;ly isolated pancreatic polypeptide are 
known such as stimulation of gas t r ic secret ion and of l i v e r 
glycogenolysis, depression of l i po lys i s (Lin and Chance, 1972; 
Hazelwood et_ a j », 1973) . 
The effect of spontaneous diahetes on pancreatic A~, B-
and P-cel ls were assessed at various stages of diahetic syndrome 
Tannahaum et_ al_o. ( igs i ) found that the loss of B-cells were 
evident a t a l l stages of diahetes „ They also suggested that 
A- and D-cells may he affected by the same process which des -
troyed B-cel ls o McEvoy (1981) quantitated the changes in the 
volume of A-, B - and D-cells population in the pancreas i s l e t 
during postnatal development . The volumes of A- and D-cells 
reached the i r maximum values by day 50 and 35 respect ively 
whereas the volume of B-cells and insu l in content were highest 
on day 210 i r respec t ive of sexiMcEvoy, 1981). I t was concluded 
that the volume of B~cell may continue to increase with age 
vvhile A- and D-cells apparently do no t . Thus, the considerable 
confusion which has existed un t i l recent ly about the c e l l u l a r 
composition of pancreatic i s l e t s i s progressively disappearing. 
(8) 
GEITSRAL UITP.ASTRUCTURAI FEATURES OP ISIET CSLIS 
The i s l e t c e l l s a r e arranged as cords along the c a p i l l a r y 
channels w i th in the i s l e t s i n d i v i d u a l c e l l s a re surrounded Toy 
d i s t i n c t plasma memhranes. By f reeze e tch e l e c t r o n microscopy, 
intraraemhranous p a r t i c l e s have been demonstrated i n the plasma 
membrane of i s l e t c e l l s „ The number of these p a r t i c l e s decrease 
i n the B - c e l l s of s eve re ly d i a b e t i c Chinese hamsters (Orci 
e t^a]^ . , 1974) „ The chemical composition and p o s s i b l e r o l e i n 
hormone a c t i o n , of these p a r t i c l e s , i s not known y e t . The 
plasma membranes of adjacent i s l e t s a re a t t a c h e d a t s p e c i a l 
f o c a l p o i n t s by desmosomes„ Gap junc t ion has been demonstrated 
between A- and B - c e l l s as wel l as i n d i v i d u a l B - c e l l s . The 
funct ion of these gap junc t ion i s not c l e a r a t present . . 
The s e c r e t o r y g ranu les of i s l e t c e l l s conta in s to red 
hormone products surrounded by smooth membranous sacs (Pigo I) , 
The mitochondria of i s l e t c e l l s a re r e l a t i v e l y small i n compa-
r i s o n of mitochondria of adjacent ac ina r c e l l s I s l e t c e l l s 
con t a in varying amount of rough endoplasmic r e t i cu lum (R'BIR) and 
numerous polysomes s c a t t e r e d throughout t h e cytoplasm. The 
G-olgi complex i s g e n e r a l l y l oca t ed near the nucleus and c o n s i s t s 
of p a r a l l e l a r rays of smooth membranes and numerous sm-all 
v e s i c l e s „ The s i ze of the Golgi complex va r i e s wi th the 
f u n c t i o n a l s t a t u s of the i n d i v i d u a l c e l l s ( l acy and Gre ider , 
1979) - I n s u l i n immunoreactive s i t e s have been l o c a l i z e d in t h e 
Golgi appara tus of panc rea t i c B - c e l l s by l i g h t and e l e c t r o n 
fig. 1 - Bleotron miorograph of a beta cell in a monolayer cell cultare 
of neonatal (1.5 days) rat pancreas. Rows of nlorotubulee 
(arrows) separate oolumnJ of beta granules. Microfilaments 
(mf) are also present x 35iOOO (Orel et,al., 1973). 
(9) 
microscopy (Rarozzola et_ a^ . , 1981). The demonstrat ion of 
i n s u l i n immunoreact ivi ty i n the Golgi apparatus provides d i r e c t 
evidence for the involvement of t h i s compartment i n the t r a n s p o r t 
and matura t ion of p r o i n s u l i n to i n s u l i n . 
In normal i s l e t c e l l , t he re are r e l a t i v e l y few lysosomes . 
Numerous ceroid hodies a r e present i n the i s l e t c e l l s of t h e ' 
norffxal adu l t human p a n c r e a s . These in t r acy top la smic hodies a re 
au to f luo re scen t and con ta in l i p i d and lysosomal enzymes. The 
o r i g i n of these s t r u c t u r e s i s unknown (Lacy and Gre ider , 1979) • 
A microtubule-microf i lament system i s present i n t h e 
i s l e t c e l l s „ The cytoplasmic p roces se s , con ta in ing long bundles 
of microtubules which s epa ra t e l i n e a r columns of /5 -g ranu les 
have been shown i n B - c e l l s i n monolayer c u l t u r e s (?igo 2) (Orc i , 
1974) . Microfi laments (50-90 A*' i n diameter) a re p r e sen t as a 
web j u s t beneath the plasma membrane and probably occur as 
i n d i v i d u a l f i b r e s i n t h e i n t e r i o r of the c e l l ( F i g , 2) (Orci , 
1974) . In m-onolayer c u l t u r e of i s l e t c e l l s , a c t i o n has been 
demonstrated beneath the plasma membrane of t he se c e l l s by 
immunofluorescent technique (Greider et_al.„, 1974). 
PUNGTIOITAI MORPHOIOGY OP B-CELLS 
The demonstra t ion of an impaired i n s u l i n s e c r e t i o n i n 
d i a b e t e s (Yalow and Berson, I96O; Cerasi and Luf t , 1963, 1967) 
has focused cons ide rab l e a t t e n t i o n on the r e g u l a t o r y mechanisms 
Pig. 2 - Electron m^cropraph of normal be ta "cells , (A) The oeTl wfb 
of microfilaments i s present juot beneath the plaBota membran* 
and extends Into n lc rov i l lous processes (mv) . At higher 
mfis'nification, t>'e net v/ork of "licrofllament3 of the c e l l i s 
demons^rated more c l e a r l y . Wlcrovesicles fmv) und ribosomeo 
( r ) r r e present in the ce l l w b e .ft., s ec re to ry pr i iu l© 
X 125,000 (Orel e l a l . , ^^72) . 
(10) 
in the function of the B-ce l l s and on the i n t r a c e l l u l a r aspects 
of the insu l in secretory process v/ith the hope of loca l iz ing 
the primary defect in d iabetes . The various morphological 
aspect which appear to he involved in the B-cel l response to 
glucose have been described in several excellent review a r t i c l e s 
(Steiner et .al ,o, 1972, 1974; Handle and Hales, 1974; lacy, 1975; 
Hedeskov, 1980; Taljedal,1981) . A d i s t inc t ion has been made 
between the receptor uni t , recognizing the B-cel l regula tors , 
and the effector unit responsible for the c e l l response. 
The receptor unit 
Although the development of radioimmunoassay (Yalow and 
Berson, I960) and the techniques for the i so l a t i on of viable 
i s l e t s of langerhans (Hellerstrom, 1964; lacy and Kostinovsky, 
1967; Feldman and Chapman, 1975; Horaguchi and Merrell , 1981) 
have helped considerably in the understanding of various events 
i n B-ce l l s in the process of insu l in re lease , the exact mecha-
nism through which ex t race l lu la r factors influence the i n t r a -
c e l l u l a r events of the endocrine pancreas s t i l l remain poorly. 
defined. Recently, methods have been developed for the separa-
t ion of A-, B- and D-cells from iso la ted i s l e t s of langerhans 
(Pipeleers et. a l - , 1979, 1981). This wi l l f a c i l i t a t e the 
studies on the receptors and also help in understanding in more 
d e t a i l s , the mechanism of insu l in re lease from the B - c e l l s . 
In view of the receptor studies in (5ther t i s s u e s , i t i s 
(11) 
generally "believed that hormones and neurotransmitters modulate 
i s l e t function via in te rac t ions vvith membrane recep to r s . Such 
hypothetical model has been experimentally documented "by Ewart 
et a l . (I975)s who demonstrated a paral lel ism "betv/een the 
"binding of mushroom lec t ins to i s l e t s and the associated insu l in 
and glucagon r e l e a s e . Further s tudies are , however, required 
on the existence and possi"ble ac t iva t ion of i s l e t membrane 
recep to rs . The desire to determine both the nature and l oca -
l i z a t i o n of the receptor unit in B-cel ls has i n i t i a t e d the 
search for enzyme a c t i v i t i e s , i n the i s l e t sect ion, homogenates, 
and subcel lular fract ions = In addition to the enz;^ /mes involved 
i n various metabolic pathways (Matschnisky, 1962; Handle and 
Hales, 1972)5 i s l e t homogenates contain both adenyl cyclase 
(Atkins and Matty, 1971; Davis and lazarus , 1972; Kuo et a l „, 
1974) and guanylcyclase (Howell c t _ a l . , 1974) system, which 
have been located on plasma membranes (Howell and ^.fhitfield, 
1972) The message of ex t race l lu la r factors might thus be 
transmit ted through the i n t r a c e l l u l a r messengers cyclic AMP or 
cycl ic GMP, which modulate insul in synthesis and/or re lease 
v i s , as yet, an undefined mechanismo I t has been postulated 
tha t glucose in t e rac t s also with a membrane receptor re la ted 
to adenylcyclase system (Cerasi and l u f t , f970; Matschinsky 
and Sllerman, 1973) and that a defect in th i s s ignal t ransmi-
ssion might represent the cent ra l defect in diabetes (Cerasi 
and Luft, 1970). Although glucose does indeed stimulate cAlIP 
(12) 
formation in i s l e t s of langerhans (Charles et_ al_., 19735 Gr i l l 
and Cerasi , 1974) tlie effect of glucose upon i s l e t function 
cannot be explained as obtained by cAMP alone (Malaisse, 1973; 
Hellman et_al^o5 1974). The demonstration tha t c(-D glucose i s 
more insul inotropic than /$-form (Mki et_ al^., 1974; Grodsky 
et a l . , 1974) i s not associated with f a^c i l i t a t ed glucose 
t ranspor t and metabolism (Taljedal , 1975) but i s accompanied . 
with increased cAMP formation Gr i l l and Cerasi (1975) s t r e s se s , 
however, the view that at l eas t a part of glucose effect i s 
carr ied out throughout cMP formation = 
The effector unit 
0 
Both A- and B-cel ls are equipped with a secretory device 
capable of producing a fas t as well as sustained hormone re lease 
(Grodsky et_ al^-, 1967; Iverson, 1971)= The synthetic machinery 
f B-cel l can also be quickly turned in (Steiner et_a]^.5 1972), 
such immediate ce l l responses do not only require a fas t t r a n s -
mission of the stimulatory s ignal , but also the existence of 
some synthet ic and secretory effector uni ts in which the va.rious 
organelles can be rapidly ac t iva ted . 
Proinsul in biosynthesis 
I t i s now generally recognized that most small polypeptide 
hormones are derived via cleavage of la rger precursor molecules 
(Pigo 3) . These larger forms may f u l f i l a number of important 
mukiimmm 
(Hfymt 
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Pig. 5 - Slraplifiied scheme of the moleoular biology of infulln 
formation . The prolnsulin gene i s represented aohematieally 
in the upper panel. RHA polymerase i s neoessary for the 
traneoription of proinsulin mJlHA from the gen« and t U i 
then eerres to guide the formation of proinealin ehadni on 
the polyrihosomes via the transient proinsulin (dashed 
l ines indicate presequence) ( iteiner, 1976). 
(13) 
functions in "biosynthesis and secretion (Steiner , 1976) „ I t i s 
now well established that proinsul in, in common to many other 
exportable prote ins , i s synthesized by ribosomes associated with 
rough endoplasmic reticulum (Permutt and Kipnis, 1972) and 
comprises the major biosynthetic product found in microsomal 
f rac t ion (Sorenson e t _ a l , , 1970), However, in v i t ro t r ans l a t ion 
of mEM from i s l e t s yields a product larger than proinsul in 
(lenmark et_ al^., 1976; lomedeco and Saunders, 1976; Chan et_ a l . , 
1976) „ This larger product preproinsulin consists of proinsulin 
with an amino terminal extension of 20-25 residues with hydro-
phobic side chains , In proinsulin, such a region most l i ke ly 
wo'uld include the o(- he l i ca l region near the N-terminus of 
B-chain (Blundell et_ a]^,, 1972) , These clustered hydrophobic 
residues of preproteins may in t e rac t with l ip id rich.R3R 
membranes to induce the formation of ribosomes-membrane junctions 
and thereby to f a c i l i t a t e the vec tor ia l discharge and seques-
t r a t i o n of the secretory product (Blobel and Dobberstein, 1975)» 
The molecular weight of preproinsulin mEMA i s approxi-
mately 210,000 corresponding to a length of about 600 nucleotides 
(Dugid et_a]^o, 1976). Since only 330 nucleotides are required 
to code for preproinsulin, t h i s mEM, l ike most eukaryotic 
mRNAs, must contain addit ional nucleotide sequence, which i s 
not t rans la ted in addition to a 3'-polyadenylic acid t a i l . These 
regions are of pa r t i cu la r i n t e r e s t since they undoubtedly include 
(14 ) • 
sequences which regulate the t r ans la t ion of messenger molecule. 
The nucleotide sequence analysis has revealed a sequence of 
13 amino acids immediately preceding the N-terminus of p ro-
insu l in and has confirmed the existence of non-coding 3 '- terminal 
segment of 57 nucleotide preceding the 3«_poly A t a i l (Ulhrich 
et_ a]^ os 1977). ^ All the known mammalian proinsulins (Fig, 4) 
have pairs of "basic residues at e i ther end of the connecting 
polypeptide chain (Arg-Arg between C-peptide and B-chain, 
Lys-Arg between C-peptide and A-chain) which l inks ;the connec-
t ing polypeptide to the insu l in chain. These residues are 
excised during the conversion of proinsulin to i n s u l i n , 
HORMONE TRANSPORT 
From endoplasmic re t i cu lum to Golgi complex 
Similar to exocrine pancreatic c e l l s both A- and B-cel ls 
channel the i r newly synthesized secretary proteins through RER 
to Golgi apparatus (Howell e t _ a l , , 19^9, 1974), This energy 
requir ing step (Howell, 1972) has been described to occur along 
smooth surfaced endoplasmic reticulumx budding off into micro-
ves ic les , which convey the secretory products to G-olgi complex 
(Orci et_ a l , , 1973) . After 10-30 minutes, the newly formed 
proinsul in reaches the Golgi tubules, which have been implicated 
in the formation of new secretory granules (Hunger, 1958) , 
HUMAN PROINSUUN 
B CHAIN 
MM 
C PEPTIDE 
Pig . 4 - S t ruc ture of bovine pro insul in showing s i t e s of olearag* 
by t ryps in (Kimmel et_a3^., 1972). 
15) 
From Golis:! complex to plasma membrane 
Secretory vesicles emerge from the Golgi apparatus, where 
the newly synthesized products are packaged in to the granule 
case and surrounded "by Golgi mem"branes , I t i s nevertheless be-
l ieved that the newly formed granules undergo a maturing process 
over the next 4 5-150 minutes (Howell et_ a]^.,. 1969a? Orci et^  al_., 
1973) during which the conversion process v/ill continue v;ithin 
the secretory vesic les (Kemmler et_ a]^., 1972)= No preferent ia l 
re lease of newly formed proinsulin has heen detected in the ra t 
i so la ted i s l e t s (Sando et_ a l - , 1972; Sando and Grodsky, 1973) 
which i s consis tent with the concept that a l l secretory proteins 
are transported and released vis a similar mechanism. 
Conversion of proinsulin to in su l in 
In the process of conversion of proinsulin to insu l in , 
the pos s i b i l i t y that the converting enzymes are re la ted to some 
of the lysosomal proteases has been considered by several 
workers (Steiner et_al_«, 1972^ Smith, 1972 and Puri et a l . , 
1978) o Various carboxypeptidases active in acid pH range have 
indeed been reported including catheptic carboxypeptidase B 
(Greenbaum and Yamafugi, 19^5), possibly associated with ca the -
psin-Bg (Ninjoor e^ a l - , 1974) and bradykinase (Greenbaum and 
Yamafuji, 1965)= Yftien insu l in i s l ibera ted from proinsul in, 
i t evidently tends to c r y s t a l l i z e with zinc (Steiner , 1973)» 
I t i s possible that these metal ions might influence the 
(16) 
conversion process in some way and then subsequently help in 
the sequestrat ion of the newly formed insu l in in an osmotically 
inac t ive and biochemically s table c rys t a l l i ne form. The cat ionic 
arginine and lysine residues l ibera ted during conversion of pro-
in su l in may diffuse from the granules to be replaced by hydrogen 
and zinc ions „ The G-peptide l ibera ted in the conversion process 
probably remains in the c lear space (Rubenstein et_ al^o, 19^9; 
Steiner i l a ^ . s 1971) surrounding the dense insu l in c r y s t a l . 
Recently in our laboratory i t has been shown that t o t a l in_ v i t ro 
conversion of proinsul in to insu l in in the i s l e t s can be achieved 
by cathepsin B (Puri et_ al_., 1978) ^^ -ci th i s conversion i s 
inh ib i ted by cathepsin B antibodies (Bansal et_ aX-, 1980) . 
Histochemical evidence for the presence of cathepsin B l ike 
enzymes in the B-cel l of pancreas has been provided by Smith 
§ i §I." (1972)„ Kemm-ler e_t_ al^, (1973) have shown that proinsulin 
i s converted to insu l in in the secretory granule f rac t ion p re -
pared from r a t i s l e t of langerhans „ 
The important products of conversion, insu l in and C-
peptide are stored in /$ -granules t i l l they are secreted as 
shown by immu nobis to chemical s tudies (Misugi et_al_,5 1970), 
l i t t l e information i s so far available regarding the fate 
of secretory ves ic les , after they l e f t G-olgi complex and before 
they fuse with the plasma membranes . I t i s general ly conceived 
that newly formed granules are pinched off from the G-olgi tubules 
(17) 
and mix vnth a pool of p r e - e x i s t i n g s to rage g r a n u l e s , out of 
which Some migrate to the plasma membrane i n a random fash ion 
(Sando and S t e i n e r , 1973) 
Emiocytosis 
The emiocytosis process has been o r i g i n a l l y descr ibed by 
Palade i n the panc rea t i c ac inar ce l l s , , ?;hich appeared to d i scharge 
t h e i r s e c r e t o r y p r o t e i n s fo l lowing fusion of the zymogen granule 
membrane with the plasma membrane (Palade, 1958) -. Lacy extended 
t h i s phenomenon to the B - c e l l s i n which frequent occurrence of 
emiocytos is i n tandem was emphasized ( l acy , 196l)„ I t a l so 
appeared t h a t calcium was a u n i v e r s a l p r e r e q u i s i t e for t h i s 
r e l e a s e mechanism (Rubin, 1970), 
ROIE OF ffiECR0TUBUIB44ICR0FIIilP.ISl\TTS 15 THTT. TRANSPORT OP 
INSUIIN 
A microtubular microfi lamentous system i s p re sen t i n B-
c e l l s c The microtubules a re s c a t t e r e d throughout the cytoplasm, 
l a c y e^ a l , . (1968, 1972) and Malaissee e;^ a^o (1971a) dem^ons-
t r a t e d t h a t c o l c h i c i n e , v i n b l a s t i n e and v i n c r i s t r i n e (agents 
which des t roy microtubules) i n h i b i t e d the r e l e a s e of i n s u l i n 
fo l lowing s t i m u l a t i o n of amino ac id t r a n s p o r t i n i s o l a t e d r a t 
hepa tocy t e s ( P r e n l k i , 1981) . I t was proposed t h a t micro tubula r 
microfi lamentous system was involved i n B - c e l l s e c r e t i o n and t h a t 
(18) 
the microtubules were responsible, in some way, for the trans-
location of the /3 -granules to the cell membranes „ This 
concept could explain how a column of cell granules could be 
released by emiocytosis at a single locus on the plasma 
membrane of B-cells . This could also explain the biphasic 
pattern of insulin release since these granules associated 
with the microtubular system would be released initially in 
the first phase, whereas additional stored granules, as ^ vell 
as newly formed /5 -granules would become associated ?dth the 
microtubular system and form the second phase (lacy, 1Q70) ,. 
The idea of the participation of the contractile elements in 
the secretory mechanism has found support by the similarity 
between calcium movement during secretory and contractile 
process The existence of actin and myosin in secretory cells 
further elaborates this hypothesis (Abramowitz et_ al_o, 1972; 
Blitz and Fini , 1974) « The final step in the release of /^-
granules and therefore of insulin from B-cells is by siro.ple 
process of emiocytosis (lacy, 1970a). Based on ultrastruetural 
studies and subcellular fractionation of islet cells, the 
/5 -granules enclosed in their smooth membranous sacs, move to 
plasma membrane, where the membrane enclosing the granule fuse 
with the plasma membrane. The rupture of the plasma membrane 
at the point of fusion, results in the liberation of granules 
to the extracellular space where they get dissolved (Pi^ e., 5) 
(Steiner, 1976) , Using freeze-etch electron microscopy. 
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(19) 
Orci et_ al^. (1972) have demonstrated t h e a c t u a l fus ion of the 
memhranous sac enc los ing the /3 -g ranu les y/ith the plasma 
membrane/ This has a l so been r e fe r r ed to as exocytos i s by many 
i n v e s t i g a t o r s . , The mechanism of fus ion of the membranous sac 
enc los ing the g ranu les with the plasma membrane i s , however, 
not c l e a r . 
AGENTS IWPIUENCING INSULIN RELEASE 
The endocr ine c e l l s have a unique p roper ty of be ing ab l e 
to respond to a s p e c i f i c phys io log i ca l s t imulus with a r e s u l t a n t 
r e l e a s e of s to red hormone i n a modulated f a sh ion . The mechanism 
through which e x t r a c e l l u l a r f a c t o r s govern the i n t r a c e l l u l a r 
events i n t h e endocrine pancreas remain poorly de f ined . The 
s e c r e t i o n of i n s u l i n by pancrea t i c B - c e l l s i s s t imula ted by 
n u t r i e n t s (Sugars , amino ac ids , f a t t y ac ids and ketone b o d i e s ) , 
hormones (glucagon and gas t r i c , i n h i b i t o r y p e p t i d e ) , cAMP and 
i t s d i b u t r y l d e r i v a t i v e , methyl xanthines and by the i n h i b i t o r s 
of oMTP phosphodies te rase . Some of t h e s e compounds a r e f u l l y 
competent to e l i c i t r e l e a s e of i n s u l i n and are termed as 
i n i t i a t o r s - These inc lude g lucose , mannose, g lycera ldehyde 
and Some amino ac ids e .g o l e u c i n e . Other secretagogues amplify 
the response to i n i t i a t o r s are i n e f f e c t i v e i n the absence of 
an i n i t i a t o r and are termed as potentj^ators , These i n c l u d e the 
hormones, cAMP, methyl xan th ines , some sugars ( f r u c t o s e , N-a.cetyl 
glucosamine and some amino acid I -8 , rg in ine , I -phenyl a lan ine . . 
(20) 
There a r e a l so some i n s u l i n secretogogues which r equ i r e an 
i n i t i a t o r (glucose) for i n s u l i n r e l e a s e „ Some p o t e n t i a t o r s can 
be induced to i n i t i a t e r e l e a s e under s p e c i a l cond i t ions such as 
t h e o p h y l l i n e and d i h u t r y l cMP = 
GLUCOSE 
The s to red i n s u l i n i n normal human "being i s approximately 
200 u n i t s „ When the concen t r a t ion of g lucose i s increaseri above 
a l e v e l of 100 mgfo, the B - c e l l respond by r e l e a s i n g t h e i n s u l i n 
i n a t r i p h a s i c manner. The r a t e of i n s u l i n r e l e a s e i n c r e a s e s 
immediately a f t e r r a i s i n g glucose l e v e l above c r i t i c a l point 
and reaches a maximum 4-5 minutes a f t e r the s t i m u l a t i o n . The 
r a t e of r e l e a s e d e c l i n e s , achieves a second maximal l e v e l 
approximately 10-15 minutes a f t e r s t i m u l a t i o n and t h i s r a t e i s 
maintained u n t i l the glucose concen t r a t i on i s re turned to normal 
l e v e l s (Ceras i e ^ a l ^ . , 1974). The maximal l e v e l s of s e c r e t i o n 
of these t\vo phases i s achieved by glucose c o n c e n t r a t i o n of 
500 mgfa, High glucose concen t ra t ions do not produce any f u r t h e r 
i n c r e a s e i n the r a t e of i n s u l i n r e l e a s e , The r e l a t i o n s h i p 
between e x t r a c e l l u l a r g lucose concen t r a t i on and t h e r a t e of 
i n s u l i n r e l e a s e i s sigmoida,l„ Glucose concen t r a t i ons below 
approximately 3 mlvl do not in f luence the s e c r e t o r y r a t e . The 
t h r e s h o l d concen t r a t i on i s around 4 ml'/I, The l a r g e s t i n c r e a s e 
i n i n s u l i n s e c r e t i o n occurs between 4 and 7 mi'/i of g lucose , which 
(21 ) 
means that B-cells are ac tual ly senative to small changes in 
glucose concentration within the physiological range (Ashcroft 
e±_ a l , , 1972) . 
YiTien glucose reaches the B-cell three events are gene-
ra ted almost simultaneously although t h e i r expression (espe-
c i a l l y for maximal efficiency to be reached) necess i t a te 
di f ferent time lapses (Cerasi, 1975) » Two d i s t inc t recogni-
t ion s i t e s for glucose give r i s e to the two posi t ive inputs in 
the B-ce l l s , i n i t i a t i o n of the s ignal for the f i r ing off of 
in su l in (rapid) and potent ia t ion, that r e su l t s in amplification 
of the former effect of the sugar» 
The th i rd event, negative feed back regulat ion generated 
•by in su l in i t s e l f or some process linked to i t s r e l ease , m.odu-
l a t e the f ina l response of the pancreatic i s l e t (Fig 6) The 
question as to whether glucose acts via a metabolite or a 
d i rec t receptor i s unresolved. 
The term glucoreceptor i s used to describe the molecular 
species i n B-cel l , t ha t , by vir tue of i t s a b i l i t y to bind 
glucose, confers on the B-cel ls s e n s i t i v i t y to changes in the 
ex t race l lu la r glucose concentrat ion. Two models have been 
proposed for B-cell glucoreceptor fRandle et_ al_=, 19 68) » In 
regulator s i t e model glucose i s envisaged as an a l l o s t e r i c 
modifier of a plasma membrane bound glucoreceptor, presumably 
of protein nature, tha t i s able to bind glucose and other 
r 
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i n i t i a t i n g sugars . Combination of sugar with r e c e p t o r l eads to 
a l t e r a t i o n s i n the B - c e l l t h a t , presumably v i a changes i n 
2+ 
membrane pe rmeab i l i t y , culminate i n the i n f l u x of Ca and 
t r i g g e r i n g of e x o c y t o s i s . In the s u b s t r a t e s i t e model t h e 
metabolism of glucose and o t h e r sugars vvlthin t h e B - c e l l p r e -
sumably provides one or more i n t r a c e l l u l a r s i g n a l s ( g l y c o l y t i c 
i n t e r m e d i a t e s , or co fac to r s ) t h a t i n i t i a t e an i n c r e a s e i n the 
cytoplasmic concen t r a t i on of f ree Ca "^  and the reby exocytos is „ 
In t h i s model the g lucorecep tor i s a enzyme or a system of 
enzymes t h a t c a t a l y z e s the r a t e l i m i t i n g s t e p i n the B - c e l l 
metabolism of glucose to these i n t r a c e l l u l a r s i g n a l s „ These 
two models a re not considered to be mutual ly exc lus ive „ D i f f e r -
ent combinations of the two systems arc conce ivab le . Formulat ion 
of t hose models g r e a t l y s t imula ted the s tudy of B-ce l l func t ion 
and metabolism but a l so c r e a t e d cons ide rab le con t roversy during 
r e c e n t years . 
ADENYI CYCLASE 
Agents which a re known to i nc rea se cMfP content i n B - c o l l s 
a l so enhance the s e c r e t i o n of i n s u l i n (Malaisse et_a]^o, 1967; 
Lambert e t a l . , 1971) . S i m i l a r l y e l e v a t i o n of cAMP l e v e l has 
been demonstrated i n i s o l a t e d i s l e t s s t imula ted with glucose 
p r e f e r e n t i a l l y by o( -anomers of D-glucose (Charles e;^ al_„, 1973; 
G r i l l and Ceras i , 1974, 1975). However, e l e v a t i o n of cm. 
l e v e l s i n the be t a c o l l s i n conjunct ion wi th s t i m u l a t i n g 
(23) 
c o n c e n t r a t i o n of glucose w i l l r e s u l t i n the enhancement of 
g lucose induced i n s u l i n r e l e a s e . The mechanism of p o t e n t i a t i o n 
of i n s u l i n r e l e a s e hy glucose and cAlfP i s unknown. The cAMP 
may indeed Tse mediating th$ glucose a c t i o n to t h e s i t e of i n s u l i n 
r e l e a s e (Charles et_a]^„, 19^9)- I t has "been r e c e n t l y suggested 
t h a t glucose p o t e n t i a t e s 3- iSohuty l - l -methyl xanth ine response 
r a t h e r than the r eve r se (Kranaz et_a]^. , 1980). Glucose induced 
2+ i n s u l i n r e l e a s e i s ijiediated hy inc reased Ca - uptake , decreased 
2+ 2+ 
Ca e f f l ux and m o h i ^ z a t i o n of s to red Ca „ Glucose may po ten-
t i a t e cAICP response t y any or a l l of t hese mechanisms (Kransz 
et, a l . , 1981) , 
CALCIUM IONS 
I t i s now g e n e r a l l y agreed t h a t a r i s e i n e x t r a c e l l u l a r 
2+ Ca of the B - c e l l i s a p r e r e q u i s i t e for glucose t o exer t i t s 
s t i m u l a t i n g e f fec t on i n s u l i n r e l e a s e . S t imu la t i on of i n s u l i n 
s e c r e t i o n , not only hy glucose hut a v a r i e t y of o the r s e c r e t a -
go^ues, depends on the presence of e x t r a c e l l u l a r calc ium 
(Gtodsky and Bennet t , I9665 Milner and Hales , 1967; Curry et_ a]^. , 
1968) , One except ion to t h i s r u l e i s t h a t c e r t a i n t h i o l reagents 
2+ do s t i m u l a t e i n s u l i n r e l e a s e i n Ca - f ree media, hut t h e i r 
r e l e a s i n g a c t i o n i s a t t e n u a t e d . Curry et_ a l - 0 9 6 8 ) and 
Hellman et_ a]^. (1974) have shown, using t h e i s o l a t e d perfused 
panc reas , t h a t the t o t a l amount of i n s u l i n r e l e a s e i n response 
to 2 min g lucose s t imulus was l i n e a r l y r e l a t e d to t h e ca lc ium 
(24) 
concen t r a t i on tetv/een 0.25 and 2„5 M5 and reached a p la teau a t 
2+ 
a tou t 5 mffl- Replacement of e x t r a c e l l u l a r Ca by equimolar of 
2+ Sr e l i c i t e d normal glucose s t imulat ion= Beryl l ium could not 
2+ 2+ 
r e p l a c e e x t r a c e l l u l a r Ga , 2.5 ml Be i n h i b i t e d the g lucose 
2+ 
e f fec t (Hales , 1970) » However, when equimolar Ba was used as 
2+ 
a s u b s t i t u e n t c a t i o n for Ca , i n s u l i n r e l e a s e was s t imula ted 
(Hales and Milner , 1968) . A method t h a t might f a c i l i t a t e t h e 
a n a l y t i c a l problem was presented by Breemen et_ a^o (1Q72), who 
"5+ 2+ 
used l a to d i s p l a c e e x t r a c e l l u l a r Ga and to b lock t r a n s -
membrane f luxes i n Ga loaded smooth muscleo Chandler and 
Williams (1979) employed ' t h i s method i n experiments wi th mouse 
panc rea t i c f ragments . Hellman et. al^. (1976) app l i ed t h i s to 
panc rea t i c i s l e t s i n order to s tudy whether glucose induces a 
2+ 
net uptake of Ga by 3 - c e l l s , Thus, g lucose s t imula ted i n s u l i n 
2+ 2+ 
r e l e a s e i s Ga dependent, perhaps because Ca couples the 
process of s t imulus r e c o g n i t i o n to t h a t of i n s u l i n d i scharge 
(Douglas, 1968; Milner and Hales , 1970; Matthews, 1970; Mala i s se , 
1973; Malaisse and P i p e l e e r s , 1974), Although seve ra l s t u d i e s 
2+ 
have i n d i c a t e d t h a t glucose a l t e r s the s t a t e of Ca i n panc rea -
t i c B - c e l l s the na tu re of changes and the mechanism a r e poor ly 
understood (Ta lgeda l , 1976) , E l e c t r o p h y s i o l o g i c a l experiments 
suggested t h a t g lucose i n c r e a s e s Ca i n f l u x i n t o B - c e l l s (Dean 
and Matthews, 1970; Meissner and Schmelz, 1974), When mannitol 
was used as a marker of t h e e x t r a c e l l u l a r space i n t h e i s o l a t e d 
i s l e t s , i t was observed t h a t glucose enhanced t h e r a t e of Ca "^  
(25) 
uptake Toy islet cells (Hellman et_ al_., 1971).. 
Malaisse and coworkers (l971, 1972, 1973) did some of the 
2+ first studies on Ca handlinig by islets ,• They initially 
observed that the retention of radioactivity in rat islets 
incubated with Ca "*" for 90 min and subsequently washed 
extensively was increased by glucose„ Various other stimulatory 
agents such as mannose, leucine, and sulfonyl urea also caused 
an accumulation of Ca . Furthermore, diazoxide, epinephrine 
and mannoheptulose, the inhibitors of insulin release, inhibited 
glucose stimulated retention of Ca „ Varying concentrations 
of calcium, verapamil, diazoxide were used for short and long 
term islet culture (lainweber and Schatz, 1982) and suggested 
that the inhibitors of insulin release do not longer influence 
the release and biosynthesis of insulin independently after a 
longer culture period in contrast to their short term effects , 
A remarkable relationship of proportionality under a 
great variety of experim.ental conditions between the rate of 
glycolysis and net uptake of Ca by rat islets was observed 
and was concluded that glycolysis exerts a tight control on 
2+ the rate constant for Ca transport across B-cell membrane 
(Sener et_ al,, 1976) , Dibutryl cAMP and theophylline did not 
2+ 
modify glucose stimulated Ca accumulation but increased the 
rate of Ca efflux from preloaded islets (Brisson et^  al,, 
1972) . Thus theophylline provoked a movement of calcium from 
some intracellular organelle to the cytoplasm.. Malaisse et_ al_. 
(26) 
(1973) have postulated that glucose increasea the intracellular 
concentration of Ga "*" by inhibiting its outward transport,. 
However, it did not preclude the possibility that glucose had 
caused a fall in the specific activity of the cytoplasmic 
Ga "^  alternately, that glucose had increased the influx of 
Ca into the cells „ Hellman et_ al_, (1976), using a technique 
involving washing of islets with lanthanum solutions in order 
2+ 45 2+ 
to displace Ca and to block transmembrane fluxes in Ga 
loaded islets from ob/ob mice demonstrated that 20 xM glucose 
2+ 
caused a net uptake of Ca from the extracellular fluid „ 
2+ Pactors other than an increased Ca uptake may play a crucial 
role in insulin release. One such factor may be the correct 
physiological intracellular distribution of Ca after its 
initial entry through the plasma membrane,, Malaisse et al. 
(1971) have suggested that in glucose induced insulin release, 
calcium could serve as the intracellular trigger for the 
induction of contraction or change in physical conformation of 
the microtubular-^nicrofilamentous system in the B-cells 
resulting in the intracellular transport of /^  -granules' and 
their release by emiocytosis (Lacy, 1Q70) = Recently, it has 
been suggested that a new protein kinase system which is 
coupled with phosphatidyl inositol turnover, activated by 
2+ 
reversible attachment to membranes in the presence of Ga , may 
be involved in the mechanism of glucose stimulated insulin 
release (Tawigawa et_ al^ .., 1981). 
(27) 
Mil NO AOIDS 
C e r t a i n amino a c i d s , v i z , I - a r g i n i n e (Palmer et a l , , 
1975)5 L- leuc ine and I -pheny la l an ine ( l a n d g r a f t , 1974) have 
been shown to s t imu la t e the r e l e a s e of i n s u l i n Toy d i f f e r e n t 
mechanisms . I - a r g i n i n e , the most potent amino acid f o r i n s u l i n 
r e l e a s e s t imu la t e s the r e l e a s e i n d i r e c t l y by e l i c i t i n g glucagon 
from A-ce i l (Milner , 1970) <. Hon-metabolizable analogs of 
l e u c i n e and a r g i n i n e s t imu la t e i n s u l i n s e c r e t i o n , which sugges t ' 
t h a t amino ac ids may t r i g g e r i s l e t hormone s e c r e t i o n v i a 
membrane r e c e p t o r (Efendic et_al_., 1972). Schafer and Schatz 
(198I) have shown t h a t l e u c i n e i n c o n t r a s t to a r g i n i n e suppor ts 
B - c e l l func t ion , e s p e c i a l l y i n s u l i n b i o s y n t h e s i s dur ing long 
term c u l t u r e of i s l e t s . Recent ly i t has been shown t h a t t he 
f e t a l r a t pancreas grown in^ v i t r o may r e q u i r e both e s s e n t i a l 
and non e s s e n t i a l amino ac ids for t h e f u l l express ion of i n s u l i n 
b i o s y n t h e s i s and r e l e a s e (Milner and DeGasparo, 1981) . 
PATTY ACIDS 
Short chain f a t t y ac ids (Octanoate, v a l e r a t e , b u t y r a t e 
and p r o p i o n a t e ) , long cha in f a t t y a c i d s , ( o l e a t e and pa lmi t a t e ) 
and ketone bodies (/$ -hydroxy b u t y r a t e and a c e t o a c e t a t e ) 
s t i m u l a t e i n s u l i n r e l e a s e from i s l e t s of var ious spec ies i n 
the presence of non-s t imula t ing concen t r a t i on of g lucose 
(Hawkins et_ a l . , 1971) » I t has been proposed t h a t t h e s e agents 
may be impor tant during s t a r v a t i o n to ensure s u f f i c i e n t i n s u l i n 
(28) 
r e l e a s e to prevent f e t a l ketos lB (Seyf fe r t and Madison, I967) 
LECTINS A1\TD INSUIIIJ RELEASE 
P lan t l e c t i n s a re p r o t e i n s ths.t iDind to s p e c i f i c oarloo-
h y d r a t e groups on t h e plasma memlDranes of mammalian c e l l s , 
e x h i b i t i n g a v a r i e t y of "biologic ef f e c t s „ For example, l e c t i n s 
s t i m u l a t e lymphocytes to undergo b l a s t t r ans fo rmat ion (Nowell, 
i 960) , induce the r e l e a s e r e a c t i o n i n p l a t e l e t s (Hajertts and 
Brodie , 1972) and evoke a number of i n s u l i n l i k e e f f e c t s i n 
i s o l a t e d f a t c e l l s (Gutraceasas and T e l l , 19731 Czech and Lynn, 
'1973)» Thus the p lan t l e c t i n s were s c r u t i n i z e d wi th renewed 
i n t e r e s t and over the i n t e rven ing years have been found to 
induce a number of b i o l o g i c a l responses i n v a r i e t y of c e l l t y p e s , 
Some of which a re l i s t e d i n Table 1 . The p r e c i s e mechanism, by 
v/hich t h e b inding of l e c t i n s to plasma m.embrane produce such 
a l t e r a . t i o n s i n t h e func t ion of t a r g e t c e l l remain unknown but 
i t i s c l e a r t h a t t hese agents can be employed as useful probes 
fo r t h e e l u c i d a t i o n of the s t r u c t u r a l and f u n c t i o n a l c h a r a c t e -
r i s t i c of mammalian c e l l o Ewart et_ a]^. (1975) have shown t h a t 
l e c t i n s from Agaricus b i sporus and Agaricus c a p e s t r i s s t i m u l a t e 
i n s u l i n and glucagon r e l e a s e i n the presence of 2 m?'f g lucose 
Agaricus b i spo rus PHA-B s t imula ted i n s u l i n r e l e a s e vv'as indepen-
dent of a source of a metabolic energy, but was abol i shed by 
duterium o x i d e . However, the exact m.echanism of the A„ b i sporus 
PHA-B s t imu la t ed i n s u l i n r e l e a s e i s not known. 
(29) 
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IKSULIH RELEASE I¥ AGING 
The r a t f e tus responds in. vivo to a one hour hyperglycemia 
"by i n c r e a s i n g i t s plasma i n s u l i n concen t r a t i on (Girard et_ a]^,, 
1974? Kervran and Girard , 1974; Blazquez et^ al_«, 1975? Kervran 
and Gi ra rd , 1976? Kervran ©1 a]^. , 1979) = This response i s 
p r e s e n t as e a r l y as day 18.5 of g e s t a t i o n (Kervran and Girard , 
1974) and e x h i b i t s a c l e a r b iphas ic p a t t e r n by days 20=5 and 
21 l5 (Kervran and Girard , 1976 and Kervran e t_aL. , 1979)= The 
b i p h a s i c i n s u l i n r e l e a s e induced by glucose in_ v i t r o i s a l r eady 
p re sen t i n the term r a t f e tus (Kervran e;^ a]^., 1977; Randon and 
Kervran, 1979) = I t has been repor ted t h a t i s l e t s i s o l a t e d from 
r a t f e t u s e s a t 2 days before term responded to g lucose , l e u c i n e 
and a r g i n i n e during incuba t ion iri v i t r o (Sodoyez-Goffaux et_ a l . , 
1979)" The mechanism c o n t r o l l i n g b i s p h a s i c i n s u l i n r e l e a s e 
develops during l a t e f e t a l l i f e i n r a t and t r a n s i t i o n from 
f e t a l to adul t type of i n s u l i n s e c r e t i o n more l i k e l y p a r a l l e l s 
q u a n t i t a t i v e r a t h e r than q u a l i t a t i v e , changes w i th in the B -
c e l l s (Kervran and Randon, 1980) . 
The high inc idence of hyperglycemia i n aged human popula -
t i o n s i s of s i g n i f i c a n c e because of i t s c lose r e l a t i o n s h i p to 
m a t u r i t y onset d i abe te s m e l l i t u s (Hayner et^al^., 1965; Boyns 
e t a l . , 1969; O 'Sul l ivan et_ al_., 1971) » Severa l f a c t o r s which 
may p lay a r o l e i n development of t h i s hyperglycemia of aging 
i n c l u d e , a l t e r e d i n s u l i n b i o s y n t h e s i s and r e l e a s e , i nc r ea sed 
(31) 
a d i p o s i t y Vvlth r e s u l t i n g r educ t ion i n i n s u l i n s e n s i t i v i t y and 
a l t e r e d i n s u l i n ac t ion C l i n i c a l human s t u d i e s and in^ vivo 
animal s t u d i e s have revealed decreased, unchanged, or increased 
glucose s t imu la t ed i n s u l i n r e l e a s e i n aging, and the r e s u l t i n g 
u n c e r t a i n t y from these s t u d i e s i s s t i l l not r e so lved (Andres 
et_al^, , 1970; Barhaga l l s -Sang io rg i e t al_., 1970; IMolan et^ al_,, 
1973; Dudl and Ensinck, 1977; Andres and Tohin, 1977; Davidson, 
1979; Yashino e^ a^., 1979; Soer ;iodiTDroto e^ a l ^, 1979). There 
i s a diminished glucose s t imula ted i n s u l i n r e l e a s e from i s l e t 
of langerhans of o l d e r r a t s (Coddling e t ^ a l . , 1975; Gold et a l , , 
1976; Ki tchara and Adelman, 1979; Reaven et_ a]^, , 1979), hut t he 
cause of diminished i n s u l i n s e c r e t i o n has not been determined. 
Among the p o s s i h l e causes of the aging induced s e c r e t o r y defect 
a re 1) a l t e r a t i o n s i n the enzymes of adenyla te cyc l a se - cAElP 
system and. r e l a t e d p r o t e i n phosphoryla t ion and 2) decreased 
a c t i v i t y of enzymes of the i s l e t g l y c o l y t i c pathv/ay (Lipson 
et_ a l , , 1981) ,. 
MBIffiRANE RECEPTOR SITES AND INSULIN RELEASE 
Previous concept t ha t induc t ion of i n s u l i n r e l e a s e was 
due to the metaholism of glucose has been ru led out hy 
Matschinsky et_ alo (1971) who have shown t h a t no s i g n i f i c a n t 
changes i n s u b s t r a t e and ATP l e v e l could be demonstrated i n 
i s l e t s fol lowing acute glucose s t i m u l a t i o n employing m i c r o -
chemical t echniques „ They suggested t h a t glucose was i n t e r -
(32) 
a c t i n g with s p e c i f i c r ecep to r on the plasma membrane of B - c e l l s 
The prolDlem of e s t a b l i s h i n g the ex i s t ence of glucose r e c e p t o r 
.on B - c e l l membrane i s more d i f f i c u l t than for o the r t i s s u e s , 
s ince the s t i m u l a t i n g agent i s not a p r o t e i n and i s t r anspor t ed 
i n t o the c e l l . Tomlta et_ a a , (1974) using a l l oxan as a p o s s i -
b l e probe fo r the i d e n t i f i c a t i o n of g lucorecep to r on the plasma 
membrane have demonstrated t h a t the exposure of i s o l a t e d i s l e t s 
to a l loxan i_n_ v i t r o for 5 min ¥/ould i n h i b i t subsequent glucose 
induced i n s u l i n r e l e a s e o Yet to lbutamide induced i n s u l i n 
r e l e a s e remained i n t a c t . Concomitant exposure of the i s o l a t e d 
i s l e t s w i th a l loxan and high concen t r a t i on of D-glucose 
(Bansal et_ al^„, 1980), D-mannose, or 3-0-methyl-D-glucose 
r e s u l t e d i n p r o t e c t i o n of the B - c e l l s a g a i n s t a l loxan t o x i c i t y 
(Zaw-alich and B e i d l e r , 1973; Tomita et_ a l , , 1974; Rossini 
e t a l „ , 1975)5 while I -g lucose which i s not t r a n s p o r t e d i n t o 
B - c e l l showed no such p r o t e c t i o n . I t ha,s a l so been shown t h a t 
o(-anomer of D-glucose provides p r o t e c t i o n a t a lo¥/er concen-
t r a , t i on than /^-o,nomer (Rossini e t a l . , 1974; McDaniel et a l . , 
1976; Niki et_al_.5 1976). These f ind ings suggest t h a t s p e c i f i c 
r e c e p t o r s i t e s fo r glucose do e x i s t on the B - c e l l membrane and 
provide a means to c h a r a c t e r i z e the glucose r e c e p t o r . 
NEURAI Il^IfLUSlCES 01 II^ ISUIITT REIBASE 
i n s u l i n r e l e a s e can a lso be d i r e c t l y inf luenced by t h e 
c e n t r a l nervous system. Both the sympathetic and p a r a -
(33) 
sympathetic nervous system may "be important modulators of i s l e t 
A~ and B-cei l function (Wood and Porte, 1974 )» Nerves to the 
pancreas contain sympathetic f ibres from the greater and middle 
splandinic nerves, or iginat ing in the c i l i a c and superior 
mesentric plexuses and parasympathetic f ibres from the vagus 
nerve. Adrenergic and cholinergic terminals have been ident i f ied 
by l igh t and electron microscopy at the periphery of i s l e t s . 
Hormonal peptides may also serve important ro les as neuroregula-
tors , The re la ted gut hormones, gas t r in and cholecystokinin 
(CCK) belong to th i s group of pept ides . They are located in 
cen t ra l (Bockray, 1976; Larsson and Rehfeld, 1977; Muller et a l , , 
1977; Eehfeld, 1978a, 1978b; larsson and Rehfeld, 1979) and 
per ipheral nerves (Unvas4?/allen'ster et_ a]^., 1977; Larsson ant^  
Behfeld, 1979) • They are synthesized in neuronal t i s sue 
(Golterman et_ al_,, 1980) and concentrated in synaptic vesicles 
from where they are released l ike other neurotransmitters (Emson 
et^  a lo , 1980), Larsson and Rehfold (1979) studied the d i s t r i -
bution and molecular nature of CCK in peripheral nerves and 
observed the presence of CCK nerve terminals in pancreatic 
i s l e t s , The predominant form of CCK in these nerves seems to 
be the C-terrainal tetrap&ptide amide, TrpJiet-Asp-Phe-KHp, 
common to CCK and gas t r in , referred as CCK-4 • The effect of 
various cholecystokinins and gas t r ins on the isola ted and 
perfused pancreas showed that CCK-4 was considerably more 
effective in re leas ing insu l in in man (Rehfeld, 1971) and in 
(34) 
mammals (Rehfeld et_ aO .^, 1980) . I t has loeen also suggested 
that the secret ion of insul in and other i s l e t hormones i s under 
neural control by the te t rapept ide amide fRehfeld et_al_,,, 1980). 
CCK i s closely related to gas t r in "both s t r u c t u r a l l y and func-
t i ona l l y and prohahly shares a common evolutionary origin 
(Larsson and Rehfeld, 1977) = Their iden t ica l C-terminal sequence 
i s responsible for the i r b io logica l a c t i v i t y and the remaining 
par ts modify the i r potency on different target t i s s u e s . The 
effect of different molecular forms of CCK on re lease of insu l in 
and other i s l e t hormone was studied and i t v/as found that a l l 
CGKs stimulated the secret ion of a l l pancreatic hormones in a 
dose dependent manner (Rehfeld et_ a l , , 1980) and i t was shown 
that CCK-4 was the most potent peptide even at the lowest 
—10 
concentration 10 M, i t was a powerful secretagogue. The in t ac t 
te t rapept ide amide with free Trp- and PheJ}THp termini seemed 
necessary for the ac t iv i ty - Thus, S3m.thetic peptides vdth TMHp 
terminal modifications, such as removal of Trp (CCK-3)5 exten-
sion of glycine (CCK-5), gas t r in pentapeptide or by BOG- /3 -
alanine (Peptavlon) great ly reduced the secretagogue a c t i v i t y , 
0-terminal modification also reduced the potency. The deaminated 
te t rapept ide Trp-JJet-Asp-Rhe-OH stimulated insu l in secret ion at 
the highest concentration 10" M (Rehfeld et_ a l» , 1980) « In 
t h i s laboratory two analogues of CCK-4 have been synthesized 
replacing Trp, by p-glu and Pro at Mlp-terminals , Their 
secretory a c t i v i t i e s wil l be discussed o 
(35) 
WORKING MODEL FOR INSULIN RELEASE 
The model shown i n ( P i g . 7) desc r ihes t h e possilDle s t e p s 
l i n k i n g s p e c i f i c s t imulus to the r e l e a s e of i n s u l i n . I n B - c e l l s , 
' a s p e c i f i c g lucose r ecep to r e x i s t s on plasma memhrane which 
recogn izes and binds with D-^lucose and p r e f e r e n t i a l l y complexes 
wi th the o(-anomer of D-glucose , As a r e s u l t of t h i s i n t e r a c t i o n 
the adenyl cyc lase system i s ac t iva t ed and through an unknown 
mechanism t h e B-ce l i membrane becomes more permeable to calc ium, 
r e s u l t i n g i n the i n f l u x of i on i c calcium i n t o the ce l l , . The 
r e s u l t a n t change i n the i on i c f l u x i s a s soc i a t ed vdth a change 
i n membrane p o t e n t i a l . The i n t e r a c t i o n of D-glucose with the 
r e c e p t o r may be i r J i i b i t e d by such agents as a l loxan , which 
probably d e s t r o y s the r e c e p t o r , or by a c t i v a t i o n of o(-adrenergic 
r e c e p t o r wi th epinephr ine . I n B - c e l l s , cM&T p lays a modulating 
r o l e of r e l e a s i n g bound calcium from the organelle,.. This modu-
l a t i n g e f f ec t of cAMP can enhance g lucose- induced r e l e a s e when 
agents such as glucagon bind with the r e c e p t o r and i n c r e a s e 
adenyl cyc l a se a c t i v i t y . The ion ic calcium i n a s s o c i a t i o n with 
o ther f a c t o r s i n i t i a t e s a c o n t r a c t i o n of t h e micro tubular -
microfi lamentous system with a r e s u l t a n t displacement of columns 
of /5 -g r anu l e s on to the c e l l su r f ace , where they are r e l e a s e d 
by emiocytos is . This immediate r e l e a s e of i n s u l i n would form 
the f i r s t phase of s e c r e t i o n . The second phase of the r e l e a s e 
would be due to s tored and newly formed granules becoming a s s o -
c i a t e d wi th the microtubular-microf i lamentous system and r e l e a s e d 
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(36) 
"by emiocytosi s . The membranous sac which encased the granule 
fuses with the plasma membrane and are subsequently pinched off 
by the microtubular-microfilamentous system and appear as 
microvesicles in the cytoplasm. The microvesicles e i ther are 
returned to Golgi complex or fused with the lysosomes and are 
degraded o 
1)1 ABE TO GENIC AGENTS 
Alloxan 
Alloxan '''Eig . 8) i s known to produce s e l e c t i v e d e s t r u c -
t ion of B-ce l l s in the i s l e t s of langerhans (Punn et^  aJ , 1Q63)-
The presence of D-glucose and cer ta in other insu l in s e c r e t a -
gogues, pr ior to or during alloxan exposure prevent dele ter ious 
action of alloxan both iji yiyo and in. v i t ro (Zawalich and 
Beidler , 1973; Rossini e^ al_ , 1975; Bansal et_ al_o, IQSO) 
However, o(-D glucose provides more protection at lower concen-
t r a t i o n than /3 -D glucose. Other agents which protect B-cel ls 
against alloxan tox ic i ty are superoxide disrautase, ca ta lase and 
scavangers of hydroxylradical (GranKvist et_a]^., 1979a), t race 
metals (GranKvist et a l„ , 1979b) superoxidemutase, ca ta lase 
and a metal chelator (Fischer and Hamburger, 1Q80a), dimethvl-
urea (Fischer and Hamburger, 1980b) and thioredoxin and MDPH-
thioredoxin reductase (Holmgren and lye Eeborg, 1980) . 
(37) 
The exact mechanism of alloxan tox ic i ty to :• B-cell 
and i t s protect ion hy glucose i s s t i l l not c l e a r . Zawalich and 
Beidler (1973) have reported that primary s i t e of action of 
alloxan may not be the glucose transport s i t e hut the glnco-
receptor s i t e on the B-cells and that glucose protects against 
a l io Kin damage "by producing conformational changes in i t s 
membrane-, Rossini et_ a l = (1974) and McDaniel ejL al^ o (1976) 
have reported the presence of specific s t ruc ture and s i t e s on 
El-oell membrane , Reports from th i s laboratory show that the 
protect ion by D-glucose against alloxan t ox i c i t y v i z . pro-
insu l in biosynthesis and the reversal of glucose protection by 
alloxan may be due to the displacement of glucose or alloxan 
by one another from a common receptor .- Furthermore, the 
s t r ik ing s i m i l a r i t i e s in the stereospecif ic and chemical 
s t ruc tures of alloxa^n and D-glucose may account for the appa-
ren t ly competitive type of in te rac t ion between the two substances 
a t the common receptor s i t e (Bansal et a l„ , 1980) , 
Streptozotocin 
Streptozotocin (SZ) i s derived from Streptomyces 
acromogenes and has an t i bac t e r i a l , oncogenic and cytotoxic 
propert ies pa r t i cu la r ly to B-cel l (RaKieten £ l al_ = , 1976), The 
compounds cons is t s of 1-methyl 1-nitrosourea moiety linked to 
carbon-2 of D-glucose and ex i s t s as e i ther of two anomers in 
the pyronose form ( f i g . 8) (Herr ot al», 1967) and has been 
CH;>OH 
HiroH 
K(r. f - Slrootures o f sHoxair « * 
(38) 
shown to produce i r r eve r s ib l e hyperglycemia in r a t s , dogs, mice 
and rhesus monkeys (RaKieten et_ al_., 1963°, /Inson et_ a l . , 1967; 
Pi lk in and "Reynolds, 1970) = Diabetes onset following i n t r a -
venous streptozotocin follows a t r iphasic pat tern with an early 
hyperglycemia (peaking at second hour) followed by hyperglycemia 
(most marked at the seventh hour) and f ina l ly by the twenty-
fourth hour (Junod e^ a l ,, 1967; Junod et a l . , I969) -. The 
work of Junod e^ al_, c lear ly assigns th-e permanent diabetogenic 
property of SZ to i t s B-celi cytotoxic action whereas the 
mealianism behind the early hyperglycemia phase i s yet to be 
elucidatedo The thymus-dependent functions play an obligatory 
e t io logic role in tlae development of diabetic in mice t rea ted 
with repeated subdiabetogenic doses of SZ (Paik et al.., 1980) , 
Furthermore, i t has been suggested that glucose component of 
SZ enhB-nces the uptake of SZ into i s l e t c e l l s , whereas the 
cy to tox ic i ty of methylnitrosourea can exert i t s fu l l effect 
(Crunnarsson e l^ al^., 1974) . Glucose does not provide any 
protect ion against i t s diabet ic action (Rerup, 1970), hence, 
SZ and glucose appear to have different combining s i t e s on 
c e l l surface (Gonda et a j , , 1976) .. Rossini et^  alo (1977) have 
suggested that i n i t i a l mediation of SZ tox ic i ty i s a t a recep-
tor s i t e possibly on the surface of B-ce l l , 
Schein et_ al^ observed that nicotinamide a precursor 
of NAD protects etgainst the diabetogenic effect of SZ (Schein 
e;;^a^o, 1967; Schein and lof tus , 1968; Schein and Bates, I968) . 
(39) 
Fu r the r s tn i l l es h^ivp demonstrated t h a t n icot inamide could he 
adminis tered two hours a f t e r SZ without any l o s s of i t s p r o t e c -
t i v e e f f ec t (Dulin and Wyse, 1969a,h; StaUffacher et_ a Jo , 1Q70) 
I t was p o s t u l a t e d t h a t SZ a c t s on B - c e l l hy d e p l e t i o n of MT) 
(Dulin and Wyse, 1969a) . This no t ion has been supported hy 
d i r e c t measurements t h a t showed t h a t SZ caused a very l a r g e 
decrease of i s l e t s NAD wi th in 1 to 2 hour a f t e r t he i n j e c t i o n 
or a f t e r a d d i t i o n i_n_ v i t r o to i s o l a t e d i s l e t s (Ho and Hashira, 
1972; Henz et_ al_., 1973 and Schein et_ a l . , 1973). 
Rats i n j e c t e d wi th nicot inamide and SZ develop g r o s s l y 
v i s i b l e tumours of pancrea t ic i s l e t s and using an i „ v . g lucose 
t o l e r a n c e t e s t , some tumour bear ing animals ejdiibited a vigorous 
response to glucose load ing , whereas o the r showed a subd iabe t i c 
response and tumour from both groups r e l eased iramunoreactive 
i n s u l i n (Fr igo et_a3^,, 1981) » However, t he e f fec t of SZ on 
p r o i n s u l i n b i o s y n t h e s i s s t i l l remmns to be e l u c i d a t e d . 
BINDIITG AED ACTIO:^ "^  OF IKSUIIN 
The b i o l o g i c a l e f f ec t s of i n s u l i n embrace most of the 
"Vital func t ions necessary for development and grov/th ., These 
range from rap id e f f e c t s on membrane t r a n s p o r t (Krahl , 19745 
P i l k i s and Park, 1974 )y a c t i v a t i o n and i n h i b i t i o n of both mem-
brane bound and so lub le enzymes of ca rbohydra tes , l i p i d and 
p r o t e i n metabolism (Krahl , 1972), a l t e r a t i o n s of c e l l morphology 
(Evans et_ al^o, 1974) to delayed e f f ec t s on p r o t e i n s y n t h e s i s 
(40) 
(Manchester, 1970) and degradation (Mortimore and Mondon, 1970), 
accumulation of casein mPJ^lk into mouse mammary ep i t he l i a l c e l l s 
(Pranklyon, 1981), st imulation of the phosphorylation of r i b o -
somal protein from 373-11 adipocyte increases glucose t ransfer 
across blood brain ba r r i e r (Hertz et_ a]^,, 1981), s t imulat ion 
I'Ta-K ATPase from r a t hippocampus (Berrstein et_ a]^., 1981) and 
st imulation of glucose incorporation and amdno acid t ransport 
(Knight et_ al_o, 1981) . Despite the fact that i n su l in has been 
for many years been avai lable as a comparatively pure protein 
hormone, i t s primary s i t e of act ion ( i f indeed there i s a s ingle 
primary s i t e ) i s v i r t ua l ly unknown = 
I t i s possible that insu l in regulates a l l of i t s act ion 
via a putat ive second messenger d i s t inc t from cMTP but i t s 
i d e n t i t y remain unknown (F i r t z and l ee , 1972), Thus insul in 
and i t s receptors seem to in te rac t and remain in the ex t ra -
ce l lu l a r or plasma membrane phase while the second messenger (X) 
re lays the signal into ce l l s i n t e r i o r (Pig . 9 ) . 
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ACTIVITIES 
Pig . 9 - Scheme dep l io l t ing possible i n s u l i n receptor 
t raneformationa. Panel A shows the conventional 
model based on reve r s ib le external binding of 
insu l in and i t s r ecep to r . An a l t e r n a t i v e and 
equally a t t r a c t i v e mechanism (Panel B) could be 
that the in su l in induced d i s soc ia t ion of receptor 
Bubunitf o^en a channel in the membrane throuph 
which the insu l in ma-omer can pass in to thfi c e l l 
(S te lner , '9'''6u) 
MATERIAIS MD llETHODS 
************************************ 
(41) 
The fol lovdng m a t e r i a l s were procured from the agencies 
mentioned aga ins t t h e i r names ; 
Ma te r i a l Source 
Golden Vi/hite mushroom s Na t iona l Bo tan i ca l Research 
(Agaricus b i sporus ) I n s t i t u t e , lucknow, I n d i a 
Seph'^^xose 4B . : Pharmacia Fine Chemicals 
Uppsala, Sweden o 
'i^-Vh^SuX^ G-lOO and G-50 ; " 
Bovine serum albumin (BSA) ; Sigma Chemical Co , , St , Louis, 
Mo, U .S „A o 
Collagenase type V ; " 
Porcine insulin i " 
(23«6 lU/mg) 
Streptozotocin ; " 
Aprotinin (Trasylol) i " 
o(-l,lethyl-D-glucoside ; " 
Acrylamide ; British Drug House, Poole, 
England» 
N, 151'-methylene bis ; '•' 
acrylamide 
(42) 
Mate r i a l Source 
Ammonium pe r su lpha t e 
Br 0 mo ph eno 1 To lu e 
Methylene h lue 
N,¥,N' -N' - te t ramethylene 
diamine (TErffilD) 
2,5 Diphenyl oxazole (PPO) 
15 4 -b i s -2 (5~d ipheny l 
oxazole) (POPOP) 
HEPSS "buffer 
Amino acid k i t 
D-mannose 
lanthanum c h l o r i d e 
Concannvalin A 
Nicotinamide 
C- leuc ine 
( s p . a c t . 20.8 mCi/mmole) 
125 
I - i n s u l i n 
( s p , a c t . 100 mCi//Ug 
of i n s u l i n ) 
4 5 2+ 
Oa — a s G&CIQ 
( s p , a c t . 4 .0 fe/g of Ca) 
B r i t i s h Drug House, Poole , 
England. 
Koch l i g h t l a b o r a t o r i e s l t d . , 
England. 
Sisco Research L a b o r a t o r i e s , 
Bombay, I n d i a . 
\n?CI, Biochemicals , CSIE, 
T\[ew Delh i , I n d i a . 
Glaxo l a b o r a t o r i e s , Bombay, 
I n d i a , 
Bhabha Atomic Research Cent re , 
Bombay, I n d i a . 
All o the r r eagen t s and chemicals used were of a n a l y t i c a l 
grade (AR) . 
(43 ) 
ANIMALS 
Anima..ls used i n t h e present s t u d i e s v/ere derived from 
animal colony of Cen t r a l Drug Research I n s t i t u t e , I'Ucknow, housed 
i n a i r - c o n d i t i o n e d rooms. Charles Pos te r a lh ino male r a t s main-
t a ined on s tandard "balanced p e l l e t (Hindustan l e v e r , Borahay, 
I n d i a ) and water ad l i h i t u m vt-ere used throughout the experiro.ents, 
Alhino r a b b i t s and guinea pigs fed animal house chow and ?^fater 
ad l i b i t u m were used„ 
ISOLATION, PURIHCATION ANL CHARACTERIZATION OF 
AGARICUS BISPORUS LECTINS 
E x t r a c t i o n of l e c t i n s 
Golden white mushrooms (Agaricus b i sporus ) were homogenized 
i n 0 ,3fo NaCl (w/v) i n a Waring Blender a t room tempera ture as 
desc r ibed i n t h e modified method of Sage and Connett (1969)0 The 
homogenate was kept for 12 hours before the e x t r a c t i o n of p ro t e in s 
a t room t e m p e r a t u r e . The homogenized mixture wa^ cen t r i fuged a t 
10,000 rpm for 15 min, the superna tan t f l u i d was hea ted a t 60° 
f o r 2 hours ( tempera ture was maintained i n a water bath incuba to r ) 
and then centr i fuged again a t the same speed„ The dark brown 
supe rna t an t f l u i d (crude e x t r a c t ) was d ia lysed aga ins t 0.02 M 
phosphate buf fe r pH 7=2 and s t o r e d a t -20°C„ 
( 4 4 ) 
I s o l a t i o n of l e c t i n s by ConA sepharose a f f i n i t y 
chro mat0 graphy 
P r e p a r a t i o n of ConA sepharose 
Sepharose 4B was a c t i v a t e d by GNBr according to the 
procedure which was e s s e n t i a l l y s i m i l a r to t h a t of March et_ a]^. 
(1974)0 CNBr was synthesized i n t h i s l a b o r a t o r y according to 
the procedure descr ibed i n Organic Syn thes i s , Volo 2.. A white 
c r y s t a l l i n e product with melt ing point of 49-51°0 and b o i l i n g 
point of 60-61°C was obtained» C r y s t a l l i n e GWBT was d i sso lved 
i n a c e t o n i t r i l e (2 g CMr/CPUCN) and s to red frozen i n small 
a l i q u o t e s . 10 ml of ge l sepharose 4B was added to equal volume 
of 2 M Sodium b ica rbona te and mixed by s t i r r i n g s lowly . The 
r a t e of s t i r r i n g was increased and 0=5 ml a c e t o n i t r i l e s o l u t i o n 
of OWBT was added a l l a tonee and t h e s l u r r y was s t i r r e d v i g o -
r o u s l y for 2 minutes „ The s l u r r y was poured i n t o a s i n t e r e d 
g l a s s funnel , washed with 5-10 volumes each of 0.1 M sodium 
b i c a r b o n a t e , pH 9 „5 and water <. The s l u r r y was f i l t e r e d under 
vacuum to a moist , compact cake and t r a n s f e r r e d to a b o t t l e 
con t a in ing 10 ml of 0.2 M sodium b ica rbona te , pH 9,5 •> Coupling 
was done a t 4°C according to the method descr ibed by Porath 
e t a J . (I9&7) .. 300 mg concanaval in A dissolved i n 2 M sodium 
b i c a r b o n a t e , pH 9o5, added to the a c t i v a t e d gel and s t i r r e d 
for 36 h o u r s . The r e a c t i o n was stopped by adding 1 M g l y c i n e . 
After coupl ing the gels were washed a l t e r n a t i v e l y with 0,1 M 
(45) 
a c e t a t e buf fe r , pH 4 ,0 and 0.1 M sodium "bicarbonate, pH 9=5, 
s eve ra l t i m e s . 11.8 mg Con A per ml ge l w/as coupled . 
P r e p a r a t i o n of phpsphocel lu lose 
Phosphocel lu lose was prepared by the procedure which was 
e s s e n t i a l l y s i m i l a r to t h a t of Pe te r son and Sober ( 1 Q 6 I ) „ 75 g 
of WaOH was d i s so lved i n 185 ml of water and was s t i r r e d with 
50 g of c e l l u l o s e . The wel l mixed mass was kept i n i c e ba th for 
30 mins and 350 ml water was added s lowly to t h e mix tu re . To 
t h i s a mixture of 80 ml e the r and 40 ml POCl, was s lowly added 
with cons tan t s t i r r i n g a t room temperature (25~30°C) so t h a t 
the a d d i t i o n i s completed i n about 1 h o u r . The phosphocel lu lose 
suspension obtained was d i l u t ed to 2 l i t e r s with water , p a r t i -
c l e s were washed r epea t ed ly with water and f i l t e r e d . I t was 
again w/ashed with v/ater and e thanol and d r i ed by evapora t ing 
the a l c o h o l and water i n a round bottom f l a s k a t reduced 
p re s su re . 
Column chromatography 
Con A sepharose was packed i n a column (15 x 1 .5 cm). I t 
was washed wi th 1 M ]}IaCl con ta in ing 1 mM MnClg, MgClp and GaCl2 
each and f i n a l l y e q u i l i b e r a t e d with 0.02 M phosphate buffered 
s a l i n e (PBS) pH 7 . 2 . The dark brown crude l e c t i n e x t r a c t was 
passed through the column, washed with the same buf fe r and t h e 
unadsorbed f r a c t i o n s were d i s ca rded . The l e c t i n s were e lu ted 
with 0,1 M o(-methyl-D-glucoside i n PBS,, The hemagglu t ina t ion 
(46) 
conta in ing f r a c t i o n s were pooled, dialysecl aga ins t t h e same 
•buffer, l y o p h i l i z e d and r e c o n s t i t u t e d i n a small amount of PBS,, 
The concent ra ted l e c t i n s o l u t i o n was d ia lysed aga ins t 0.005 M 
phosphate buffer pH 5.8 and then appl ied on phosphocel lu lose 
column (15 x 1 .5 cm) p r e - e q u i l i h e r a t e d with the same b u f f e r . 
At t h i s concen t r a t i on and pH, 85/^ of the hemagglu t ina t ion 
a c t i v i t y (PHA-^ A) was e lu t ed and t h e remaining hemagglu t ina t ion 
a c t i v i t y (PHA-B) was e lu ted a f t e r r a i s i n g t h e pH of the buf fe r 
to 8<.2. Both the f r a c t i o n s were pooled s e p a r a t e l y , d i a ly sed , 
l y o p h i l i z e d and r e c o n s t i t u t e d i n small amount of 0.02 M PBS, 
pH 7 « 2 c 
I s o l a t i o n of Agaricus b i sporus l e c t i n using stroma 
as a f f i n i t y adsorbent 
Stroma was prepared as descr ibed by James et_ a]^.. (19^3)^ 
80 ml of blood was c o l l e c t e d from r a b b i t i n a n t i c o a g u l a n t , 
c en t r i f uged and washed th r ee t imes with 0 15 M PBS, pH 7-2 to 
ge t e ry th rocy tes , . 2 ml of the e ry th rocy te suspension was taken 
i n each 40 ml polypropylene tube and 28 ml of 0 ,02 M phosphate 
bu f fe r (hypotonic s o l u t i o n ) was added to achieve l y s i s of t he 
c e l l s . I t was then cent r i fuged a t 18,000 rpm for 40 minutes . 
The membranes were washed with 0.02 M phosphate buf fe r pH 7.2 
and resuspended i n 0.1 N KOH and kept o v e r n i g h t . The suspension 
was r ecen t r i f uged a t 18000 rpm for 40 minutes and the r e s i d u e 
was f r e e z e d r i e d . 350 mg f reeze d r i ed stroma was mixed with 
100 ml PBS and 8 ml 25^ g lu ta ra ldehyde a t pH 7.3 and was 
(47) 
incuTDated a t 20°C for 16 h o u r s . I t was o r t e n s i v e l y washed with 
PBS by c e n t r i f u g a t i o n and resuspended i n 25 ml of the same 
"buffer to which 1 M glyc ine was added to n u t r a l i z e f r ee -JCHO 
groups . I t was then kept a t 20°C overnight„ The s o l u t i o n was 
cen t r i fuged and the stroma was washed again with PBS „ I t was 
then homogenized t o make a suspension of f ine p a r t i c l e s i n 
25 ml PBS o 6 ml of swellen sephadex G-50 and 5 ml of stroma 
suspension were mixed and packed i n a column. 
The column was washed with water , glycino-HCl buffer 
pH 2o5 and f i n a l l y with PBS „ The sample was app l i ed e lu ted 
wi th water and the remaining a c t i v i t y was e lu t ed wi th g l y c i n e -
HCl buf fe r pH 2 o5 . The f r a c t i o n s eluted with water and g l y c i n e -
HCl buffer a g g l u t i n a t e d with r a b b i t e r y t h r o c y t e s . The y i e ld 
was low , 
I s o l a t i o n of Agaricus b i sporus l e c t i n using formal in ized 
e r y t h r o c y t e s 
Method employed for the p u r i f i c a t i o n of t h e l e c t i n was 
e s s e n t i a l l y s i m i l a r to t h a t of Peitherman et_ al^, (-1974) except 
t h a t formal in ized r a b b i t e ry th rocy tes were used i n t h e present 
method i n s t ead of formalinized sheep e ry th rocy te s <> 100 ml blood 
was c o l l e c t e d i n a n t i c o a g u l a n t , spun dom'n at 4000 rpm,, washed 
t h r e e t imes with 0,15 M PBS, pH 7^2 and f i n a l l y taken i n 
0,17 M PBS, pH 7»2 as 8^ suspens ion . Equal volume of formal ine 
(pH 7o2) was mixed wi th e ry th rocy tes suspension and was shaken 
for 18 hours a t a cons tan t temperature of 37°C i n a metabolic 
(48: 
s l iaker . The suspension was again cen t r i fuged , t h e r e s i d u e 
( e r y t h r o c y t e s ) was washed once with 2,5 volumes of t h e 0 = 15 M 
PBS pH 7<.2 and s to red a t 4°C„ Crude e x t r a c t of Agaric us h l s -
porus was incubated vath formal inized e ry th rocy t e s for 30 
minutes a t room temperature „ I t was then cent r i fuged and t h e 
Supernatant v/as d i sca rded . The sediment was suspended i n 0 = 1 M 
l a c t o s e i n PBS, for 30 minutes and r e c e n t r i f u g e d , Agg lu t ina -
t i o n was no t iced a f t e r removing l a c t o s e from the s o l u t i o n , 
HEMAGGLUTINATION ASSAY 
Hemagglut inat ion assays were performed by using 2 -^ r a b b i t 
e r y t h r o c y t e s suspension by double fo ld d i l u t i o n method on g l a s s 
s l i d e s , as described by Ochoa and Kr i sh ta insen (1978) . 0,1 ml 
of 2i<i e ry th rocy te suspension was mixed v^fith 0,1 ml of l e c t i n 
s o l u t i o n on g l a s s s l i d e s . Agglu t ina t ion was seen a f t e r one 
hour , 
PRO'TEIN ESTIMATION 
P r o t e i n i n e luan t s was monitored by absorp t ion a t 280 nm 
i n a Beclnnan DU spectrophotometer model-24 and es t imated accor-
ding to Lowry et_ a_l. (1951) method using bovine serum albumin 
(BSA) as s tandard .. 
(49) 
POLYAGRYlAMrDE GEI Bl^ iCTROPHORESIS 
Polyacrylamide gel e l e c t r o p h o r e s i s was conducted us ing 
lio ge l i n a t r i s g lyc ine buf fe r (Davis, 1964), pH 8 = 9 and s u b -
jec ted to e l e c t r o p h o r e s i s a t 4 ma per ge l tube using a Broviga, 
Madras, I n d i a , e l e c t r o p h o r e s i s system. The ge l s , were s t a i n e d 
wi th 1?i^-coomaseie b lue i n t o methanol s a c e t i c ac id ; water 
(5s1s5? v/v) and desta ined by 7?" ace t i c acid „ 
SUGAR ESTIMATION 
Neu t r a l sugars were es t imated by phenol su lphur ic ac id 
method as descr ibed by Dubois et_ §1^ = (195 6) , us ing glucose as 
s t a n d a r d , 
MOIECUIAR irSIGHT DSTSRDHNATION 
Molecular weight of pure A , b i sporus PHA-A and PHA-B was 
determined by ge l f i l t r a t i o n . A sephadex G-100 column (1 ,0 x 
100 cm.) was p r e - e q u i l i b e r a t e d with 0.02 M phosphate bu f fe r , 
pH 7o2 and c a l i b e r a t e d with a ldo l a se (145,000) , BSA (68 ,000) , 
t r y p s i n (23,300) and lysozyme (17,500) as known molecular weight 
p r o t e i n markers . The r a t i o of e l u t i o n volume (¥e) and void 
volume (Vo) was p l o t t e d a g a i n s t log_ molecular weight . 
(5o: 
ISOIATION OF ISIETS OF LAWGHEHANS FROM RAT PANCREAS 
The i s l e t s of l angerhans were i s o l a t e d according to the 
procedure of l a c y et_ a l - (1967) as modified hy Feldman and 
Chapman (1975) - The pancrea t i c i s l e t s were s t imula ted hy 
i n t r a p e r i t o n e a l i n j e c t i o n of p i l o c a r p i n e (4^ w/v) p r i o r to 
Sodium pen t a t a r l o i t a l (OoG^^  w/v) ., The pancreas was quickly 
removed, cleaned off the extraneous adipose t i s s u e and chopped 
i n t o small p i eces i n Hanks s o l u t i o n o The f i ne p ieces were 
washed seve ra l t imes with Hanks s o l u t i o n fol lowing removal of 
f a t s „ Collagenase (40 mg/500 g hody v>/eight) was added to the 
f i n e pieces i n 3 ml Hanks s o l u t i o n and s t i r r e d i n a metaholic 
shaker for 20-30 minutes a t 37°C,. The i s l e t s were picked up 
hy means of pas teur p i p e t t e under a d i s s e c t i n g microscope and 
t r a n s f e r r e d i n KBB medium. 
OXYGEN UPTAKE BY ISOLATED ISIETS OP LANGERHANS 
Oiq/gen uptake "by i s l e t s was s tud ied "by Warburg manometric 
t e c h n i q u e . All t h e glasswares were s i l i c o n i z e d . 10-15 i s l e t s 
i n 2„6 ml KRB medium were placed i n the s ide arm of each 
Warburg f l a s k and 0.2 ml KOH was taken i n t h e c e n t r a l w e l l . 
I n the c o n t r o l f l a s k 2.6 ml KRB conta in ing 2 mP5 glucose was 
taken while t h e two experimental f l a s k s containec? 2 ral'T g lucose 
+ 17o5/Ug/ml Agaricus b i sporus l e c t i n i n 2.6 ml KRB ( t h i s con-
c e n t r a t i o n of the l e c t i n produces ha l f maximal s t i m u l a t i o n of 
:5i) 
i n s u l i n r e l e a s e ) . The temperature of the f l a s k s were e q u i l i -
be ra t ed a t 57°C for 15 minutes . The con ten t s were then mixed 
and the r ead ings were taken a t 10 rain i n t e r v a l for 2 hours „ 
The d e t a i l of t he apparatus i s descr ibed by Burk and Milner 
(1932) , Dexon (1951), Perkins ( 1943), Warburg (1923, 1924, 1926) 
and o the r s , 
INCUBATIO T^ OP ISOIATED ISlBTS OP lANGSBflANS WITH 
AGARICUS BISPORUS lECTIN 
All t he g lasswares were s i l i c o n i z e d . Groups of f i v e 
i s l e t s were incubated i n 1 ml of Krebs ELnger b i ca rbona t e medium 
(Gey and Gey, 1936) con ta in ing 2 raM Ca'^'^, 3 mg/ml of bovine 
serum albumin, 12 n a t u r a l l y occur r ing amino a c i d s (Eagle, 1959), 
0.01 M n o n - e s s e n t i a l amino ac id , 2 xM g lucose and va r ious con-
c e n t r a t i o n s of Agaric us b i spprus l e c t i n (l7»5/Ug/ml to 100/Ug/ml) 
The gas phase was Op + COp (95 ° 5) and the pH was 7 „4 . The 
i n c u b a t i o n was c a r r i e d out for 3 hour a t 37°0 in a metabol ic 
shaker (72 o s c i l l a t i o n s per minu te ) . Samples were drawn a t an 
i n t e r v a l of 1 hour for the estim.ation of t h e i r i n s u l i n content 
by radioimmunoassay. For the p r o t e c t i o n of i n s u l i n aga ins t 
p r o t e o l y t i c degrada t ion , t r a s y l o l was added i n the i ncuba t i on 
medium to give f i n a l concen t r a t i on of 1,000 Kill per ml and t h e 
saffxples were s to red a t -80° t i l l the i n s u l i n assay was 
performed , 
(52 ) 
RADI0IR11.TUI0ASSAY 01? IITSUIIN 
Radioimmunoassay technique used was the modified method 
of Morgan and lazarow (1963) as descr ihed below» 
F i r s t ant ibody or a n t i - i n s u l i n guinea yig serum 
I t was obtained by immunizing guinea pigs a g a i n s t bovine 
i n s u l i n (6 t imes c r y s t a l l i z e d ) . Equal volumes of i n s u l i n 
Solu t ion 6-12 lU/ml and complete Freunds adjuvant (CPA) were 
emulsif ied and was adminis tered to guinea pigs subcutaneously 
a t one week i n t e r v a l for four weeks , Then a f t e r 10 days 
i n t e r v a l two boos te r doses were admin i s t e r ed . The animals 
were b led a f t e r 7 th-10th day of the l a s t i n j e c t i o n when the 
ant ibody t i t e r was maximum. 
Second ant ibody or a n t i - g u i n e a pig gama g lobu l in 
r a b b i t serum 
I t was obtained by immunizing r a b b i t s aga ins t guinea pig 
gama g l o b u l i n . 1 ml (10 mg/ml) guinea pig gama g lobu l in emuls i -
f i ed i n 1 ml of CPA were adminis tered subcutaneously to r a b b i t 
every week for four weeks The two boos t e r doses were admin i s -
t e r ed a f t e r 10 day i n t e r v a l . The animal was bled a f t e r 7 th-10th 
day of the l a s t i n j e c t i o n . 
Method 
0.5 ml borate buffer, 0.05 M, pH 8,6 was mixed with 
0.1 ml of standard insulin or unknown samples and 0.1 ml of 
(53) 
f i r s t antilDody ( l ; 1,00000 d i l u t i o n ) and kept overnight a t 4°C, 
125-0.1 ml of i - i n s u l i n was then added to the sample mixture and 
was again kept overnight a t 4°Co After t h a t Ool ml of second 
ant ibody (1 s 60-100 d i l u t i o n ) , and 0 ' 1 ml normal guinea p ig 
serum(WPGS) (1 i 5000 d i l u t i o n ) was added and again kept o v e r -
n igh t a t 4°Co I t was then cen t r i fuged a t 4000 rpm for 20 min 
and the r a d i o a c t i v e counts i n the r e s i d u e s were taken i n a 
Packard gama s c i n t i l l a t i o n spec t rome te r . This g ives the ^ 
"binding =• Dose response curve was made "by p l o t t i n g i n s u l i n con-
c e n t r a t i o n a g a i n s t fo b i n d i n g . The r e s u l t s a re expressed as 
nXJ/ml o r i s l e t s „ 
UPTAKE OF ^^Ca^^ BY ISLETS IIT PRESBIMCE OF GLUCOSE AKD 
AGABIGUS BISPORUS LECTIN 
In 25 ml con ica l f l a s k s batches of f i ve i s l e t s were taken 
i n 1 ml KSB con ta in ing BSA. 3 mg/ml, 12 n a t u r a l l y occur r ing amino 
a c i d s accord ing to Eagle (1959) , n o n - e s s e n t i a l amino acid 0«01 M, 
t r a s y l o l 1000 KIU and glucose 2 iM. Di f fe ren t concen t r a t i ons of 
Ao b i sporus l e c t i n s ( 17 .5/U g/ml-100 ,ug/ml) and 5/uCi "^ ^Ga "^ ' were 
added to make the f i n a l volume of 1 ml , In the c o n t r o l l e c t i n 
was omitted . The r e a c t i o n was c a r r i e d out for tw'o hours a t 37°G 
i n a metabol ic shake r . The pH of the medium ?^ as 7 4 - For t ime 
courses s t u d i e s 2 mlvl glucose + l7o5/Ug/ml l e c t i n was incubated 
with i s l e t -and 2 ml glucose alone was taken as c o n t r o l . The 
r e a c t i o n was stopped a f t e r 10 min by adding 2 ralvl lanthanum 
(54) 
c h l o r i d e . The incuToations were cont inued for two hours wi th 
t h e same experimental cond i t ions . Samples fo r i n s u l i n assay were 
takeno The incuba t ion was followed by 1 hour of washing with 
n o n - r a d i o a c t i v e b a s a l medium, supplemented with 2 mM lanthanum 
c h l o r i d e according to t h e method of Hellman et_ a]^ (1976 ) . The 
i s l e t s were spun down and washed with laGl^ (2 mM) . The i s l e t s 
were then ruptured i n 0 . 1 ^ t r i t o n - x followed by f reeze and 
thawing ( i n l i q u i d a i r ) . Su i t ab l e a l i q u o t e s were added to 10 ml 
s c i n t i l l a t i o n f l u i d ( 0 . 4 ^ 2 ,5-diphenyl oxazole and 0.015!^ 1,4 b i s 
(5-phenyl oxazoly l -2) i n tou lene and 2-methoxy e t h a n o l ( l i 1 
v /v) and r a d i o a c t i v e counts were taken i n a Packard Tr ica rb 
l i q u i d S c i n t i l l a t i o n Spectrometer , model 3330 . The r e s u l t s a r e 
expressed as cpm/5 i s l e t s . 
INCORPORATION OP ''^C-IEUCINE INTO ISIET PROTEINS 
1 A 
I n c o r p o r a t i o n of C-leucine i n t o i s l e t p r o t e i n was c a r r i e d 
out i n KRB medium con ta in ing bovine serum albumin and 12 n a t u r a l l y 
occu r r i ng amino a c i d s according to Eagle (1959) except t h a t 
l e u c i n e was omit ted . The concen t r a t i on of n o n - e s s e n t i a l amino 
a c i d s i n the medium was 0.01 M (bas ic medium) , The incuba t ion 
was c a r r i e d out a t 37°C i n a metabolic sbaker (72 o s c i l l a t i o n 
per minute) i n an atmosphere of 95^ Op and 5^ COg- The pH of 
t h e medium was maintained a t 7 »4 = 
For in. v i t r o s t u d i e s , 24 hours f a s t e d r a t s were used. 
Batches of 60-70 i s l e t s from the experimental r a t s were incubated 
(55) 
i n 1 ml of KEB medium for 30 min (p re incuba t ion ) » The medium 
was then removed and i s l e t s were f u r t h e r incubated for 3 hours 
i n 1 ml of KRB con ta in ing 2 mg/ml BSA and 3 mg/ml g lucose , 
10-uCi of C-ieucine ( s p , a c t o 20.8 mCi/mmole) and s t r e p t o z o t o c i n 
a t concen t r a t i ons 0.05 mg-1.5 mg per b a t c h . In o the r s e t of 
experiments under s im i l a r cond i t ions descr ibed above, n i c o t i n a -
mide 1 mg-4 mg was soon added to SZ (1 ,5 mg) (keeping SZ cons tan t 
i n a l l s e t s ) for p r o t e c t i v e s t u d i e s „ In one s e t IT-'^/Ug/ml of 
•^ ° b i spo rus PHA-B, was added i n the presence of g l u c o s e . The 
i s l e t s were r a p i d l y washed 3 t imes with 2 ml of medium con ta in ing 
cold l e u c i n e (5 mM) . Adherent t r a c e r was removed from t h e 
i s l e t s by incuba t ing i n 1 ml b a s i c medium con ta in ing cold 
l euc ine ( 0 . 2 mil) for 10 minu te s . 
EXTRACTION OF ISIST PROTEINS 
Since i t i s known t h a t no s i g n i f i c a n t r e l e a s e of p r o -
i n s u l i n t akes p lace before 200 mim of incubation (Stoin'^r" and 
Oyer, 1967), t h e above incuba t ion medium i n which the i s l e t s 
were incubated for a maximum per iod of 3 hours was dl'ScaT'ded. 
The i s l e t s were rup tured by f reeze and thawing ( i n l i q u i d a i r ) 
fol lowing homogenization i n cold TCA (10^, w/v) cen t r i fuged 
and ex t r ac t ed twice with acid - e thanol ( e thano l " 0-phosphoric 
ac id ; wa te r ; 89 ° 1 ° 19? v/v) for a t o t a l per iod of 20 hours 
(Davoren, 1962) . The two e x t r a c t s were pooled and r e s i d u e was 
d i s so lved i n 1 N sodium hydrox ide . S u i t a b l e a l i q u o t e s of both 
(56) 
the f r a c t i o n s were added to s c i n t i l l a t i o n v i a l con ta in ing 10 ml 
of s c i n t i l l a t i o n f l u i d (0.4/o PPO and 0.01/« POPOP i n tou lene ; 
2^nethoxy e thano l l 1 s 1 v/v) and counted i n Packard Tr ica rb 
l i q u i d S c i n t i l l a t i o n Spectrometer , model 3330. The r a d i o a c t i v e 
counts i n the e x t r a c t were taken as an index of C- leucine 
i n c o r p o r a t i o n i n t o p r o i n s u l i n f r a c t i o n , while i n c o r p o r a t i o n 
i n t o t o t a l i s l e t p ro t e in s was determined hy adding to i t t he 
counts i n the r e s i d u e „ The r e s u l t s a i e expressed as cpm/mg 
i s l e t pro te in= 
IKCUBATIO T^ OP CCK-4 TETRAPBPTIPES WITH ISIETS OP 
LMGEEHAMS 
Group of 5 i s l e t s were incubated with 1 ml KRB ( 'containing 
3 mg/ml BSA, 12 n a t u r a l l y occur r ing amino ac id according to Eagle 
(1959) , 0.01 1 n o n - e s s e n t i a l amino a c i d s , 1000 ICEU/ml t r a s y l o l , 
and 2 ml glucose) and the CCK-4 t e t r a p e p t i d e s i n the c o n c e n t r a -
—10 -8 —5 
t i o n range of 10 , 10 and 10 M each,, S i m i l a r l y as i n o the r 
i n s u l i n s e c r e t i o n s t u d i e s , the incuba t ions were c a r r i e d out a t 
37°G i n a metabolic shaker a t pH 7 4 for 3 h o u r s . Samples were 
drawn from the media a t an i n t e r v a l of 1 hour for t h e e s t ima t ion 
of i n s u l i n by radioimmunoassay = 
R E S U L T S 
(57) 
ISOLATION, PURIEICATION AED CHARACTSEIZATIOl OF LECTIITS 
PROM AGARICUS BISPORUS 
The r e s u l t s of t he p u r i f i c a t i o n of Agaric us "bisporus PHA 
a t va r ious s t e p s a re summarized i n Table 2. Agaricus Tpisporus 
PHA was p u r i f i e d with a recovery of 90 .8^ and 6_fold p u r i f i c a -
t i o n "by GonA sepharose column chromatography ( P i g . 10) . Crude 
e x t r a c t ( l aCl e x t r a c t , hea t t r e a t e d ) was passed through GonA 
sepharose column as descr ibed i n Ma te r i a l s and Methods „ On 
h e a t t rea tment most of t he p r o t e i n s got dena tured . 
The p r e p a r a t i o n was reso lved i n t o two hemagglu t ina t ing 
f r a c t i o n s by phosphocel lu lose column chromatography. Thus, 
about dOfo of t h e hemagglu t ina t ing a c t i v i t y of t h e GonA sepharose 
e l u a t e was e lu ted a t pH 5 <.85 ( F r a c t i o n PHA^) , whereas I5?fe of 
the hemagglut ina t ing a c t i v i t y was r e l e a s e d from t h e column when 
the pH of the e l u t i n g buf fe r was r a i s e d to pH 8»2 ( F r a c t i o n 
PHA-B) ( P i g , 11) „ 
The polyacrylamide ge l e l e c t r o p h o r e s i s of t h e GonA 
sepharose e l u a t e (PHA) exhib i ted one ma;ior and one minor band 
(58) 
03 
•Hi 
ra 
o 
•H 
!^  
o 
5:1 
'•H 
+= 
O 
CD 
H 
O 
o 
•H 
o 
•H 
m 
• H 
H 
EH 
O 
O 0) -H 
O -4^ > 
•H O 
O >5 
•H -P 
•H P> 03 
O) +^ ^ 
-p 
•H 
H t> 
Cd -H 
+= +=• tD 
o o <i; 
EH 05 K 
d 
• H 
CD 
- P 
O 
PH 
S 03 
H 
O 
00 
o 
o 
o 
00 
o 
VD 
q 
o 
LPi 
0 
0 
CM 
CTi 
0 
•vf 
^ 
! > • 
o 
!>5 
O 
C 
O 
03 
O 
cv 
KA 
o q 
i n 
0 
i n 
00 
i n 
UA 
0 
00 
i n 
CM 
LTv 
CM 
UD 
CT^  
t ^ 
UD 
—^ 
^ CM 
in 
M3 
o 
ro 
+= 
cv5 
•P (D 
SdrCi 
Co 
• p <-
03 -P 
d 0 
^ c3 
(D ?H 
g t^^  
ra <D t:! 
© 
<U H -P 
t 3 0 
3 d 
U^ 
o-^ 
,_ 
Ci 
CD 
SH 
• P 
,d 
ft 
03 
^ 
W> 
0 
CD - P 
to oi 
0 B 
U 0 
05 fH 
-S^ PM 0 
CD 
cQ a 
< 1 
d H 
0 0 
0 0 
CM 
^ 
ft 
03 
M 
® tiD 
m 0 
0+= 
H 03 
3 a 
H 0 
H U 
rj ^ 
0 0 
0 
^ g ft S 
ra 0 
0 H 
^ 0 
P-i 0 
t<~\ 
13 
CD 
+= Oj 
3 00 
H " 
CD IP> 
"IfS 
' fti 
• ^ 
w-p 
PH K3 
—^^  
ct3 
—' 
^ 
a; 
- p 
03 
3 CM 
H ' 
ffl 00 
P? W 
1 ft 
<;. 
K -P 
P4 cd 
-^^  
rQ 
^-' 
unadsorbed 
fractions 
1 2 3 4 5 6 7 
Fraction no. 
Plf. 10 - Con A-aepharoae affinity ohroraateioraplij of 
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Pig. 11 - Phosphocellulos* chromatography of Con A-
eepharose eluate. Flow rat* 10 odAr mnA 
fraotlon rolume 4 ml). 
(• • ) Absorbance at 280 nai 
(o o) Hemagglutination onit (HAD) 
(5^) 
cor responding t o PHA-A and PHA-B (Figo 12) » V/hen passed through 
phosphoce l lu lose column the iHA could he s epa ra t e^ i n t o two 
f r a c t i o n s , PHA-A and PHA-B, hoth f r a c t i o n s when e lu ted exh ib i t ed 
s i n g l e hand s e p a r a t e l y on polyacrylamide ge l e l e c t r o p h o r e s i s 
(Pigo 12), showing horaogenity of the tvro PHAs f r a c t i o n s . Neu t ra l 
sugars content of the pur i f i ed PHA w/as found to he 2„5^ as 
es t imated hy phenol su lphur ic ac id method. 
The molecular weight of the pu r i f i ed Agaricus h i sporus 
PHA-A and PHA-B were determined using sephadex G-100 ge l 
f i l t r a t i o n o The r a t i o of e l u t i o n volume (Ve) to void volume (Vo) 
was p lo t t ed a g a i n s t log molecular weight ( log M'O for the 
marker p r o t e i n s a l d o l a s e (145,000), BSA (68P00), t r y p s i n (23,300') 
and lysozyme (17,500) ( P i g , 13)= PHA-A had an e l u t i o n volum.e 
corresponding to the molecular weight of 64,100 whereas PHA-B 
had an e l u t i o n volume corresponding to t h e molecular weight of 
58 ,000 . 
EFFECT OP AGARIC US BISPORUS PHA-B ON OXYGEN UPTAKE 
BY ISOLATED ISIETS OP LANGEBHANS 
Agaric us h i sporus PHA-A does not s t imu la t e hormone r e l e a s e 
from the i s l e t s . These experiments were c a r r i e d out i n order to 
s tudy the e f fec t of Agaricus h i s p o r u s PHA-B ( t h e i n s u l i n 
r e l e a s i n g f r a c t i o n ) on Op uptake hy the i s l e t s of langerhans 
under the i n v i t r o cond i t ions of our s t u d i e s . The r e s u l t s of 
I 
ct 
nc^. 1? _ Polyaorylamide gel e lectrophoresle of 
(a) Oon A-«epharooe e l u a t e ; (b) PHA^ and 
(c) FHA^i 7 .5^ gel was used in 0.1 N 
t r i e glycine buffer at pH R .q . 
o 
> 
Of 
> 
PHA-B 
PHA-A 
• 46 (og moL wt 5.0 SA 
Pip. 13 - Determination of molecular weight by exoluBlon 
chromatography on aephaflex 0-100 of A. ^ s p o y m . 
PFIA-A and PHA-B . fhe ratio of elution voluM 
to yold volume (V./V^) was plottsd againat tetC 
~ o 
mol. wt for the marker proteins aldolase (145000), 
BSA (68,000), trypsin (25,300) and ly»o«yB« 
(17 ,500) . The arrows indicate the a o l . •» • of 
IHA-A and FHA-S . 
( 60 ) 
the e f fec t of g lucose (2 mM), glucose (20 mM), glucose (2 mM) + 
u„ Msporus PHA-B (17-5/Ug/ml) and glucose (20 ml) + A„ b l sporus 
PHA-B (17.5/Ug/ml) on the i s o l a t e d i s l e t s of l angerhans , with 
r e s p e c t to t h e Op uptake a re shown i n Table 3 o 
I t can he seen t h a t i n the presence of 2 ml'/I glucose alone 
and 2 mM glucose + 17 =5 ,ug/ml A, h i sporus PHA-B ( t h a t produces 
ha l f maximal s t i m u l a t i o n of i n s u l i n r e l e a s e ) nl of Op uptake 
a re 3-83 and 3=9 r e s p e c t i v e l y . I t i s evident t h a t PHA-B has no 
e f f ec t on Op uptake "by i s l e t s and t he r e fo re does not seem to 
a l t e r the r a t e of i s l e t g lucose metabolism» 
S i m i l a r l y no s i g n i f i c a n t change i n Op uptake was observed 
when the glucose concen t r a t i on was r a i s e d to 20 ml.1 keeping the 
PHA-B c o n c e n t r a t i o n a t 17-5/Ug/ml' The r e s u l t s a r e presented 
i n Table 3 o 
M VITRO STUDIES Oil AGiJ?ICUS BISPOEUS PHA-B B1EPIATED INSULIF 
RELEASE AM) ^^Ga^"^ UPTAKE BY ISLETS OP LMGERHMS 
Agaric us b i spo rus PHa-B and Agaricus campes t r i s PHA are 
t h e two l e c t i n s known, which s t i m u l a t e i n s u l i n r e l e a s e from 
i s o l a t e d i s l e t s of Langerhans i n the presence of sub - s t imu la to ry 
concen t r a t i on of glucose (2 mM) i n the medium. The e f fec t of 
t h e pu r i f i ed A^ . b i sporus PHA-B on i s l e t s of Langerhans of r a t 
pancreas with r e s p e c t to i n s u l i n r e l e a s e and Ca "^  uptake has 
been s tud ied and the r e s u l t s a r e nresented as fol lows , 
(61) 
TalDle 3 _ Glucose metalDolism to COp (Op up t ake ) i n t h e a b s e n c e 
and p r e s e n c e of A. b i s p o r u s PHA-B "by i s o l a t e d i s l e t s 
of l a n g e r h a n s of r a t p a n c r e a s , 17o5/Ug/ml l e c t i n was 
used i n each exper imen t (That p roduces h a l f maximal 
s t i m u l a t i o n of i n s u l i n r e l e a s e ) , B a t c h e s of 10-15 
i s l e t s v/ere t a k e n f o r each e x p e r i m e n t . 
A d d i t i o n t o medium Glucose o x i d a t i o n t o CO, 
/U 1 of O p / i s l e t / h r 
1 . Glucose (2 mlvl) 
2 o Glucose (2 mil!) + 
4 ° b i s p o r u s PHA-B 
( 1 7 . 5 / U g / m l ) 
3 , Glucose (20 mM) 
4 o Glucose ( 20 ml,!) + 
A. b i s p o r u s PHA-B 
( l 7 o 5 ^ g / m l ) 
3.83 
3o90 
3.40 
3.20 
(62) 
Effect of L. blsporus PHA-B on insul in release from 
i so la ted i s l e t s of Langerhans 
Of the two fract ions of Agaricus bis|)orus PHA, only PHA-B 
has been found to st imulate insu l in r e l ea se . I t s effect on the 
i n s u l i n release from iso la ted i s l e t s of Langerhans in v i t ro I n 
the presence of sub-stimulatory concentration of glucose (2 mlvl) 
has been studied and the r e su l t s are shoY^ 'n in Table 4 , I t can 
be seen that at 17.5/Ug/ml l e c t i n concentration the insu l in 
re lease i s 109 + 10/uU/5 i s l e t s / h r as compared to the control 
(2 mi'i glucose alone) , which i s 33 +_ 5/uU/5 i s l e t s / h r . Thus 
there i s 3.3 fold increase in insu l in release in response to 
tk- "bisporus PHA-B (l7.5/Ug/ml) as compared to the control o 
When the l e c t i n concentration i s raised to 50/Ug/ml, the 
corresponding insu l in re lease increases more than five folds as 
compared to the control» 
Effect of varying concentrations of A= bisporus PHA-B 
on insu l in re lease from iso la ted i s l e t s of langerhans 
The stimulatory effects of varying concentrations of 
A. bisporus PHA-B (l7o5/Ug/ml. to 100/Ug/ml) on insu l in re lease 
from isola ted i s l e t s of langerhans are shovm in Pig. 14 o I t can 
be seen that A. bisporus PHA-B mediated insu l in release in dose 
dependent and at the l e c t i n concentration of about 60/Ug/ml the 
insul in re lease i s maximum af te r v/Mch the re lease of i n su l in 
tends to be s t a t ionary . Thus the l ec t in s mediated insu l in 
(63) 
Table 4 - Effect of glucose and A., bispprus. PHA-B on insu l in 
release from isola ted i s l e t s of Langerhans , Plask con-
taining 5 i s l e t s were incubated for 1 hr in 1 ml KKB 
medium containing 2 mM glucose and 2 mM glucose + l e c t i n 
concentration o Insul in re lease was measured by r ad io -
immunoassay. Each re su l t i s expressed as mean rate of 
hormone re lease observed in .Six individual incubation; 
/uU/5 i s l e t s / h r + SH. 
Glucose l e c t i n concentration Rate of insulin r e lease 
(ml\'l) ( /ug/ml) (/UU/5 i s l e t s / h r ) 
2 ml - 3 3 + 5 
2 mJI 17 o5 109 + 10 
2 m?/[ 50.0 1 6 5 + 1 0 
<D 
U) ' -^ 
2-^ 
* - <i> 
in in 
u \ 
w 3 
C 3 ^ 
200 
100 
c;n 
25 50 75 100 
Lectin concentration(Lig/ml ) 
Pig. 14 - Effect of yarjring conoentrationa of A. bjaporrtf 
EHA-B on Insulin release from Isolated lelete 
of I>angerhanB. Each result Is expressea • • th* 
mea^  of ^he rate of Insulin release In liarai ff 
juTT/5 Islets/hr +3.1). for s ix different 
experiments. 
(64) 
re lease seems to Toe a function of the l e c t i n concentrat ion. 
Time course s tudies on basal and A_" bisporus PHA-B 
stimulated insu l in release from iso la ted i s l e t s of 
Langerhans 
Lectin stimulated insu l in release from iso la ted i s l e t s 
of Langerhans proceeds as l inear function of time for about one 
hour . The r e s u l t s are shown in F ig . 15» The effect of 2 mM 
glucose (control) and 2 mB! glucose + 17.5/Ug/ml A. bisporus 
PHA-B on insu l in release are presented. I t can be seen that the 
l e c t i n mediated insul in re lease i s enhanced from the beginning. 
After 20 minutes of incubation the release of insu l in in the 
presence of l e c t i n i s about three times as compared to the 
cont ro l - More or l e s s the same proportion i s m.aintained t h r o u ^ -
out the one hour period of incubation. 
Ga uptake in the presence of glucose and A. bisporus 
PHA-B by i s l e t s of Langerhans 
The r e s u l t s of the effects of glucose (2 ml^ f) and glucose 
{2 m) + A, bisporus PHA-B (l7.5/Ug/ml) on ^^Ca^^ uptake by 
i so la ted i s l e t s of Langerhans of r a t are shown in Table 5 . I t 
can be seen that the - Ca "^  uptake by i s l e t s in the presence 
of glucose (2 mil) + A. bisporus PHA-B (17-5/Ug/ml) i s enhanced 
more than eleven folds as compared to the c o n t r o l . The cpm/5 
i s l e t s af ter one hour of incubation wath A . bisporus PHA-B 
20 40 
Time (min.) 
Fig. 15 - Time course studies on basal (2 mM glucose 
and 17.5i»g/ml A. bisporus PHA-S stimulated 
Insulin release from i s l e t s of langerhana. 
Eaoh results i s expressed as the mean rate 
,of insulin release in terms of .uU/5 i s l e t s 
t 3 J), for s ix different experiaenta. 
0 • 2 sdf glucose 
* « 2 mM gluooae + 17.5jug/ml ^. bisporos PHA«B 
(65) 
TalDle 5 - Effect of glucose and A„ l^isporus PHA-B on "^^Ca ^ uptake 
by i s o l a t e d i s l e t s of Langerhans . The i s l e t s were i n c u -
415 2+ 
"bated with g lucose , PH.A-B and Ca for 1 h r and 2 h r 
followed "by 1 h r ?;ashing vdth 2 EM Lanthamurric The 
r e s u l t s a r e presenter! as cpm/5 i s l e t +_ S .D . for 6 
d i f f e r e n t experiments„ 
G-lucose l e c t i n concen t r a t i on Ca uptake 
(ral'/I) ( ,ug/ml) (cpra/5 i s l e t s ) 
2 m - 1330 t ^2 
2 m.M 17 «5 1405 2 + '^88 
2 Ml 50.0 4 2977 + 202 
1 
(66) 
(17.5/Ug/ml) i s 14052 + 588 as compared to the c o n t r o l (2 mM 
glucose) which i s 1330 + 12 o '^fhen the l e c t i n concen t r a t ion i s 
ncreased to 50/Ug/ml, the corresponding ''Ca "^  uptake i n terms 
of cpm i n c r e a s e s to more than 30 fo lds as compared to the 
c o n t r o l . 
S f f e c t of varying concen t ra t ions of Ao b i sporus PHA-B 
on -^ Ca '^  uptake by i s l e t s of Langerhans 
The r e s u l t s of the e f f ec t s of var ious c o n c e n t r a t i o n s of 
4° b i sporus PHA-B on ''Ca "^  uptake by i s o l a t e d i s l e t s of l a n g e r -
hans are shown i n F i g . 16„ The r e s u l t s c l e a r l y demonstrate t h a t 
t h e -^ Ca "^  uptake i s dose dependent i n t h e range of 25/Ug/ml to 
/ 45 2+ 
100/Ug/mlo The r a t e of Ca uptake i n c r e a s e s w i t h the concen-
t r a t i o n of the l e c t i n and the maxima.1 uptake i s achieved a t 
l e c t i n c o n c e n t r a t i o n of about 60 ,ug/ml. After t h a t t h e r a t e of 
Ca "^  uptake slows down t i l l i t reaches a s t a t i o n a r y phase a t 
about 75/Ug/ml l e c t i n c o n c e n t r a t i o n . 
Time course s t u d i e s of Ca '^ uptake by i s l e t s of Langerhans 
i n the presence of g lucose and A. b i sporus PHA-B 
I s l e t s were incubated with -^ Ga "^ 5 2 ml glucose and 2 mil 
glucose + 17.5A:ig/ral l e c t i n for var ious per iods of t ime followed 
by 60 minutes of washing with lanthanum c h l o r i d e (2 mid). The 
45 2+ 
Ca uptake i n the presence of 2 nM g lucose a lone as mesisured 
o .!2 ^ 6 0 
a. 
3 
in 
25 50 75 100 
Lectin concentration {ug/ml} 
Fig. 16 - Effect of rarylng oonotntratloni of ^. bloporni 
IHAJ on ^ 'ca^ uptake by leolated m e t * of 
Iiangexiiana. Saoh result ! • t'xpreaaed aa the 
mean of the rate of ^^ Ca^ **" uptake in terms of 
opm/5 l»lets t S.D. for six different ejcperimeata 
0 • 1 hr inottbation 
f • 2 hr inoubation 
67) 
a f t e r every 20 minutes i n t e r v a l for 180 minutes are shown i n 
F i g , 17 „ I t can "be seen t h a t t he r a t e of Ca "*" uptake i n c r e a s e 
l i n e a r l y with time for about 120 minutes a f t e r which i t hecomes 
s t a t i o n a r y , ''"hen A_ "bis per us PHA-B was added t h e r e was a s i g n i -
f i c a n t s t i m u l a t i o n i n the uptake of Ca "*" as evident from 
P i g , 17= Thus a t 17.5/Ug/ml l e c t i n concen t r a t i on the s t i m u l a -
t i o n of Ca uptake i n terms of cpm i s 25 x 10 as compared 
to 5 X 10 i n case of the c o n t r o l , a f t e r 2 hour of i n c u b a t i o n , 
INSUIIN RELEASE IN AGING IN RESPONSE TO AGARIOUS BISPORUS 
LECTIN 
The e f fec t of A. b i sporus PHA-B on i n s u l i n r e l e a s e and 
Ca '^ uptake in i s l e t s of Langerhans i s o l a t e d from d i f f e r e n t 
age groups of r a t s have been s tudied and t h e r e s u l t s a re p r e -
sented as follows , 
Ef fec t of glucose and A„ b i sporus PHA-B on i n s u l i n 
r e l e a s e from i s l e t s 0f Langerhans of d i f f e r e n t age 
groups of r a t s 
I s l e t s from 1,3,6 and 12 month old r a t s were i s o l a t e d 
and 5 i s l e t s of equal s i z e from each groups were incubated with 
2 xM. g lucose + I7 .5 ,ug/ml A. b i sporus PHA-B. 2 mJI glucose a lone 
was taken as c o n t r o l o The r e s u l t s a r e presen ted i n Pigo 18, 
I t can be seen t h a t the b a s a l i n s u l i n r e l e a s e i n the presence 
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Pig. 18 - Effeot of glucose and A, bisporus PHA^ B on 
inaulin release from i s l e t a isolated froa 
1,3,6 and 12 month old r a t a . Each resul t i s 
expressed as the mean ra te of Insulin release 
in terms of /uV5 la le t s / i i r i S . D . for e ix 
different experiments. 
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Pig. 17 - Time course studies of ^^ Oa^ * uptake by Isolated 
ladets of langexhane in the presence of 2 >df 
glucose and 2 vX glucose + l7.5jBg/nl 4 . blsnorut 
' FHA^ . Each result Is eicpressed as the mean of 
^^Oa^ * uptake In terms of opn^ /5 Is lets t ^ . D . for 
s ix different experiments. 
0 •• 2 mM gluoose 
• - 2 mM glucose + 17.5y«g/ml A. bisporus PHA-B 
(68) 
of 2 vM glucose was almost the same in, a l l the group of i s l e t s 
i r r e spec t ive of the age of r a t s . 
I t i s evident that k_. bisporus PHA-B stimulates i n su l in 
re lease quite s ign i f ican t ly in younger animals , The effect of 
l e c t i n on the i s l e t s decreases s teadi ly v/ith the age of animal o 
Thus, while the increase in the release of insu l in in the 
presence of l e c t i n in case of i s l e t s of one month old ra t i s 
4-fold as compared to the control» T/hereas the increase in 
insu l in re lease in the presence of l ec t i n i s 2,7 fold as compared "to 
the control in the case of i s l e t s of 12 month old r a t s . Fig= 18, 
also shows that there i s a 1 =5 fold increase in insu l in re lease 
in the case of 1 month old r a t as compared to 12 month old ra.t 
in response to l e c t i n (Ao bisporus PHA-B) ., 
Ca "^  uptake hy i s l e t s of different age groups in response 
to glucose and A_, "bispprus l e c t i n (PHA-B) 
Glucose stimulates insu l in release by st imulat ing the 
uptake of ex t race l lu la r calcium. As has been shown in Pig- 18, 
the basal insu l in secret ion by i s l e t s with 2 mM glucose i s not 
affected by the age of the animals. The corresponding Ga "^  
uptake s tudies inere carr ied out and the r e s u l t s of the effect 
of 2 M!i glucose on "'Ca uptake by i s l e t s of langerhans i so la ted 
from 1,3,6 and 12 month old r a t s are shown in Pig. 19.. I t i s 
evident tha t , l ike insu l in secret ion, the Ca "*" uptake by 
i s l e t s i n response to 2 mM glucose also does not a l t e r with age. 
O 
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[ [ 2 m M g I u c c s e 
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12 
M « - 19 - Effect of glucose (2 mM) on Ca uptake 
by Is le t s isolated from 1,3»6 and 12 month 
old rats . Each result i s expreaeed ae the 
mean of the rate of ^^ Ca^ "*" uptake In tenuB 
of cpm/5 Is le ts + S.D. for s ix different 
experiments. 
D •• 2 mM glucose (1 hr incubation) 
0 « 2 nfli*/glucose (2 hr incubation) 
(69) 
Yi^ ien the incuToation period was Increased from 1 hour to2 hour 
there was no change in Ga uptake in i s l e t s of a l l age 
group (Figo 20). Thus, at sub_stimulatory concentration of 
glucose (2 mM) , the insu l in secretion (F ig . 18) and ''Ca 
uptake "by i s l e t s (Pig , 19) were almost the same i r r espec t ive 
of the age of the r a t s , 
The r e su l t s of the effect of A. hisporus PHA-B ( 17 = " /^Ug/ml) 
on i s l e t s of 1,356 and 12 month old r a t s with respect to 
•^ ^Ca uptake are presented in Fig . 20. I t i s evident from 
the plot that the -'Ca uptake hy i s l e t s in the presence of 
l e c t i n i s s igni f icant ly more in the case of i s l e t s i so la ted 
from younger r a t s than the i s l e t s i so la ted from the older ones. 
The increase in Ga uptake in response to the l e c t i n i s 
54 .5 fold in the i s l e t s of 1 month old r a t as compared to the 
control when incubated for one hour, whereas the increase in 
45 2+ 
'^ Ca uptake i s 20 4 fold in the case of the i s l e t s of 12 month 
old r a t s as compared to the control when incubated for one 
45 2+ hour . The increase in the -^ Ca uptake in response to l e c t i n 
in the case of i s l e t s from 1 month old r a t i s 3-fold, when 
compared to the i s l e t s of 12 month old r a t s . The response of 
4 5 2+ i s l e t s to l e c t i n with respect to Ga uptake decreases 
s t ead i ly ydth age of the animals „ \7hen the incuhation period 
i s increased from 1 hour to 2 hour there i s an upward sh i f t 
in the graph (Fig- 20) "but the effect of age remains the 
same „ 
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F i g . 20 - Effect of A. bi3poru8 PHA-B (17.5yug/ml) 
on ^^ Ca^ "*" uptake by I s l e t s isolated from 
1,3,6 and 12 month old r a t s . Eaoh resul t 
i s expressed as the mean of the ra te of 
^^ Ga^ "*" uptake In terras of opm/5 i s l e t s . 
0 « 2 BM glucose + 17.5^g/Bl A. h\BjH}pfB 
PHA-B (1 hr incubation). 
f » 2 mM glucose + 17.5^ag/ffll ^ . V1^ »^P9CT0 
PHA-B ( 2 hr incubation) . 
t " 2 raM glucose (2 hr incubation) 
(70) 
EFFECT OF STREPTOZOTOGIN NIC0TIN.1MIDE IlTERACTIOl ON 
PROINSUIIN BIOSMTHT I^SIS IN ISOIATED ISLETS OF IMGERHANS 
OF RAT; EFFECT OFjlGARIGIJS_ BISPQRUS lECTIHS THERBOH 
S t r e p t o z o t o c i n i s a known diabetogenic agent whose tox ic 
a c t i o n can Toe reversed by nicot inamide , The r e s u l t s of the 
s tudy Ox the e f fec t of s t r e p t o z o t o c i n n icot inamide i n t e r a c t i o n 
on p r o i n s u l i n b i o s y n t h e s i s are presented as follows„ 
Effec t of varying concen t r a t i ons of s t r e p t o z o t o c i n 
on t o t a l i s l e t p ro t e in b i o s y n t h e s i s 
The r e s u l t s of the e f fec t of varying concen t r a t i ons of 
S t r e p t o z o t o c i n (0 ,05-1 .5 mg) on the i n c o r p o r a t i o n of C- leuc ine 
i n to t o t a l i s l e t p r o t e i n s are shown i n F i g . 2 1 , I t can bo seen 
t h a t by i n c r e a s i n g the concen t r a t i on of s t r e p t o z o t o c i n from 
Oo05 to 1 .5 rng per 60-70 i s l e t s , the b i o s y n t h e s i s of the t o t a l 
i s l e t p r o t e i n decreases correspondingly as compared to the 
c o n t r o l ( non - s t r ep tozo toc in exposed i s l e t s ) as shown by C-
l e u c i n e i n c o r p o r a t i o n . Glucose s t i m u l a t e s t o t a l i s l e t p r o t e i n s 
b i o s y n t h e s i s inc lud ing t h a t of p r o i n s u l i n which i s a predominant 
p r o t e i n of i s l e t s . S t r ep tozo toc in c o n c e n t r a t i o n of 1.5 mg per 
60-70 i s l e t s , causes t h e maximum i n h i b i t i o n of the i n c o r p o r a t i o n 
14 
of G- leucine i n t o the i s l e t p r o t e i n s . I t can be seen ( F i g , 21), 
t h a t a t t h e s t r e p t o z o t o c i n concen t r a t i on of 1.5 mg t h e i s l e t 
p r o t e i n b i o s y n t h e s i s i s diminished by 5.5 fold as compared to t h e 
con t ro lo 
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(71) 
Effect of varying concentrations of nicotinamide 
on s treptozotocin t ox i c i t y 
The r e su l t s of the effect of varying concentrations of 
nicotinamide (0.5 mg-4 mg per 60-70 i s l e t s ) on the inl i ibi tory 
act ion of s t reptozotocin, as determined hy the incorporation of 
G-leucine into the t o t a l i s l e t proteins are shown in Figo 22 „ 
Keeping the concentration of s treptozotocin constant (1o5 mg) 
that causes maximum inh ih i t ion of C-leucine incorporation, the 
effect of increasing concentrations of nicotinamide (0.5-4 m.g) 
show tha t with higher concentration of nicotinamide the i n h i b i -
tory effect of SZ i s reversed, and at the nicotinamide concen-
t r a t i on of 4 mg in the medium, the protein biosynthesis i s 
restored to the control value (non-streptozotocin exposed 
i s l e t s ) „ 
Effect of varying coneentrations of s treptozotocin on 
proinsulin_ biosynthesis 
Glucose st imulates the proinsulin biosynthesis in prefe-
rence to other i s l e t p ro te ins . The r e s u l t s of the incorpora-
14 t ion 01 C-leucine into acid ethanol extractable proteins 
(proinsul in) of the i s l e t s which were exposed to s t reptozotocin 
i n v i t ro at different concentrations (0.,05 mg-1 .5 mg) are 
presented in F ig . 23 and Fig . 24 in terms of i" i nh ib i t ion and 
io proinsul in biosynthesis respectively,. I t can be seen that 
addi t ion of 1.5 mg of streptozotocin per 60-70 i s l e t s , in the 
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(72) 
medium re su l t s in 79^ inh ib i t ion of the incorporation of the 
t racer into acid ethanol extractable proteins which predominantly 
consis ts of proinsul in . At t h i s concentration the proinsulin 
biosynthesis i s only 21 .^i-i as compared to the control (non-
streptozotocin exposed i s l e t s ) (Pig, 24). 
Effect of varying concentrations of nicotinamide on the ihh ih i t i on 
of proinsul in biosynthesis by streptozotocin 
The r e s u l t s of the effect of different concentrations of 
nicotinamide on the s treptozotocin inli ibited Incorporation of 
14 
G-leucine in to proinsulin are shown in Fig. 25- The concen-
t r a t i o n of s t reptozotocin was fixed at 1=5 mg ( tha t causes 1%% 
i nh ib i t ion of proinsulin biosynthesis) whereas the concentration 
of nicotinamide was increased from 0.5 mg to 4 mg per 60-70 i s l e t s . 
At nicotinamide concentration of 4 mg per 60-70 i s l e t s there i s 
100^ protect ion of proinsulin biosynthesis against s t reptozotocin 
t ox i c i t y which i s comparable to control (non-streptozotocin 
exposed i s l e t s ) . 
Effect of Agaricus_ bisporus PHA-B on proinsulin biosynthesis 
14 The r e s u l t s of the incorporation of C-leucine into acid 
ethanol extractable proteins (proinsulin) in the presence of 
17.5/Ug/ml A_' "bisporus PHA-B, are presented in Table 6, Prom 
the r e su l t s i t would appear that there i s no s igni f icant change 
14 in the incorporation of C-leucine into i s l e t proteins in the 
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Pig. 25 - Niootinamide protection against SZ Inhibitory 
act ion. Preincubation was followed by exposure 
of SZ (1 .5 mg) per 60-70 i s l e t s in the presence 
of different concentrations of niootinamide 
( 1 ^ mg). Each resul t l e expressed ee the aeaa 
of i^ protection for six different expertmenti. 
(73) 
Table 6 _ Effect of A. bispprus PHA-B (17 .5/;i g/ml) on pro-
14 insu l in •biosynthesis, as studied "by C-leucine 
incorporation in to acid ethanol extract (proinsul in ' 
A o bisporus 
PiiA-B 
a g/ml 
Soluble 
fract ions 
(proinsulin) 
cpm/mg/islet 
protein 
^Proinsulin 
biosynthesis Non„soluble f ract ions 
(other \ proteins 
cpm/mg/islet 
protein 
114027 + 24 100 43166 + 280 
17.5 101315 + 40 20634 + 4 2 
l7=5 + 1o5 mg(SZ) 24520 + 41 21 .5 41298 + 312 
(74) 
p r e s e n c e of A_» l^isporms PHA-B when compared t o t h e c o n t r o l where 
no l e c t i n was added „ 
SECRETION OP INSULIN FROM ISOLATED ISL5TS OF LANGSRHA.NS OF 
RAT IN RESPONSE TO GHOLEGYSTOKININ ( C C E ^ ) mi) ITS ANALOGUES 
O h o l e c y s t o k i n i n , a g a s t o i n t e s t i n a l horraone, h a s a l s o "been 
i m p l i c a t e d t o a c t as a n e u r o t r a n s m i t t e r and i n f l u e n c e i n s u l i n 
r e l e a s e from t h e i s l e t s , CGK-4 , a t e t r a p e p t i d e , i s a known 
such i n i t i a t o r of i n s u l i n r e l e a s e „ I t has t h e amino a c i d s e q u -
ence Try-Met-Asp-Phe-NHp» Th i s and i t s two a n a l o g u e s have heen 
p r e p a r e d i n t h i s l a lDora tory "by r e p l a c i n g t h e f i r s t amino a c i d 
t r y p t o p h a n by p - g l u t a m a t e and p r o l i n e and t h e i r i n s u l i n r e l e a s i n g 
p o t e n t i a l i t i e s were t e s t e d ., The r e s u l t s have "been p r e s e n t e d „ 
Tr p -Met -A.s p -Phe -NH ^  
The r e s u l t s of t h e e f f e c t of CGIC-4 on i n s u l i n r e l e a s e 
from i s o l a t e d i s l e t s of Langs rhans a r e shown i n F i g . 26., The 
-10 i n s u l i n r e l e a s e a t t h e GCK-4 c o n c e n t r a t i o n of 10 M i s 
68 +- '8/uU/5 i s l e t s / h r as compared t o t h e c o n t r o l ( 2 rriM. g l u c o s e 
a l o n e ) i n which the i n s u l i n r e l e a s e i s o n l y 3 0 + 5 u U/5 i s l e t s / h r 
The r e s u l t s of t h e e f f e c t of d i f f e r e n t c o n c e n t r a t i o n of CCK--4- on 
i n s u l i n r e l e a s e a r e p r e s e n t e d i n P ig 2€>- With 2 ml g l u c o s e 
a l o n e i n t h e medium t h e i n s u l i n r e l e a s e i s about 30 4^  5 /uU/5 
i s l e t s / h r , 'When CCK-4 i s added i n t h e medium t h e i n s u l i n 
r e l e a s e i n c r e a s e s l i n e a r l y w i t h t h e c o n c e n t r a t i o n of t h e 
10'" 10" 10^  
CCK-4 Concentration(M) 
Pig. 26 . Secretion of insulin from i s l e t s of langexlianB 
in response to different oonoentratione of 
ohoieoy8tokinin-4 (CCK-4) . Eaoh result i» 
expressed as the mean of the rate of Insulitt 
release in terms of yiaU/5 Islets/iir +.3.1). for 
s ix different experiments. 
(75) 
t e t r a p e p t i d e . 
Gl p -Met -As p _Ph e _NH ^  
liHien t ryptophan of CGE-4 vias replaced "by p-glutamate t h e 
t e t r a p e p t i d e formed i s not t h a t ac t ive= The r e s u l t s of t h e 
e f f e c t of t h i s t e t r a p e p t i d e on i n s u l i n r e l e a s e from i s l e t s of 
langerhans a r e presented i n P i g , 27» While CCK-4 s t i m u l a t e s 
-10 
i n s u l i n r e l e a s e a t the concen t r a t i on of 10 M, the new t e t r a -
pep t ide hav ing p-glutamate i n p lace of t ryptophan i s a c t i v e a t 
_o 
h ighe r concen t r a t i on of 10 M a t which the i n s u l i n r e l e a s e from 
i s l e t s of langerhans i s 58 ± 5/Ull/5 i s l e t s / h r as compared to 
30 ±_ 5/uU/5 i s l e t s / h r , vvhen no t e t r a p e p t i d e was added i n t h e 
medium» 
Pr0-Met-As p ~Ph e-ffl 2 
Trtien t ryptophan of the CCK-4 was rep laced hy p r o l i n e , t he 
t e t r a p e p t i d e thus formed a l so l o se s the a c t i v i t y . The r e s u l t s 
of t he e f f e c t of t h i s t e t r a p e p t i d e on i n s u l i n r e l e a s e from i s l e t s 
of l angerhans are presented i n P i g . 28, I t i s a c t i v e at concen..-
-8 -8 
t r a t i o n not l e s s than 10 M. The i n s u l i n r e l e a s e a t 10 M i s 
71 + 5yUU/5 i s l e t s / h r as compared to 82 + 8/uU/5 i s l e t s / h r i n 
t h e case of CCK-4 = 
a; 100 
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Pig. 27 - Effect of OCK-4 analogue (OlpJIet-^p-Phe-RHg) 
on insal ln release from Is lets of Langezhans. 
Each resul t i s expressed as the mean of the 
r a t e of insulin release in terms of ja\3/5 islets/kir 
^ S . D . for six different experiments. 
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Fig, 28 - Ineolin release from ieietB of 
mediated by 00K-4 analogue (Pro-Xet-Aep-fhe-iaE^)' 
Baoh result i s expressed as the mean of the rate 
of Insulin release In terme of jaV/5 lelets/l ir ^ 
8*D. for s ix different experlatnte. 
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- ( 7 6 ) . 
ISOLATION, PURIFICATION AND CHARACTERIZATION OF LECTINS PROM 
AGARICUS BISPORUS 
I n the presented s t u d i e s the technique of a f f i n i t y 
chromatography has been employed for the p r e p a r a t i o n of homoge-
neous l e c t i n f r a c t i o n s of .Agari_cu_s_ h i sporus .. The need for the 
development of more e f f i c i e n t and simple method for the pu r i f i ca -
t i o n of the l e c t i n was f e l t e s p e c i a l l y when one of i t s f r a c t i o n s 
PHA-B was found to he ahle to r e l e a s e i n s u l i n and glucagon from 
t h e i « l e t s of langerhans (Swart e_t_al_., 1975) « This f ind ing 
has added to i t s importance as a t o o l for s tudying the mechanism 
of i n s u l i n and glucagon r e l e a s e from the i s l e t c e l l s . E a r l i e r 
method of p u r i f i c a t i o n of the tv>/o f r a c t i o n s PHA-A and PHA~B of 
t h i s l e c t i n y ie lded only p a r t i a l l y pu r i f i ed products (Presant 
and Kornfeld, 1972) . Moreover, the method was a h i t t i d i o u s 
and cons i s ted of LEAE c e l l u l o s e chromatography, sephadex G-I'^ O 
g e l f i l t r a t i o n , phosphocel lulose cliromatography a second time 
phosphoce l lu lose chromatography and second time sephadex G-I^O 
ge l f i l t r a t i o n o The p a r t i a l l y p u r i f i e d m a t e r i a l s of A„ h i sporus 
-(77) 
PHiV-,A. and PHA-B thus obtained gave s i x bands and two "bands 
r e s p e c t i v e l y on polyacrylamide ge l e l ec t rop l io res i s „ 
By employing Con A - sepharose a f f i n i t y chromatography and 
phosphocel lu lose chromatoizraphy i t has "been p o s s i h l e to ob ta in 
PHA~'l and PHA-B f r a c t i o n s from. Ao h i sporus p u r i f i e d to homogenity 
each g iv ing a s i n g l e hand on polyacrylamide ge l e l e c t r o p h o r e s i s 
and r e v e a l i n g t h e g lycopro te in na tu re of the l e c t i n , Thus the 
two s t ep method c o n s i s t s of i s o l a t i o n of homogeneous Ao b isporus 
PHA-A and PHA-B using Con A-sepharose chromatography followed 
by phosphoce l lu lose column chromatography» 
The molecular weight of A. b i sporus PHA-A and PHA-B as 
determined by i t s e l u t i o n p r o f i l e from sephadex G-100 was 
64''(00 and 58,000 r e s p e c t i v e l y , which i s more or l e s s similrar as 
r e j o r t e d by Presan t and Kornfeld ( 1972) » The only o the r l e c t i n 
which has been shown to possess i n s u l i n and glucagon r e l e a s i n g 
prop'^rty was i s o l a t e d from meadow mushrooom Agaric us campest r i s 
(Sage and Connet t , 1969)., The molecular weight of t h i s l e c t i n 
was a lso approximately the same as t h a t of A. b i spo rus PH:\-A 
r e p o r t e d h e r e . However, while 4» b isporus PHA p r e p a r a t i o n 
c o n s i s t s of two f r a c t i o n s PHA-A and PHA-B, the l e c t i n from 
ii° campes t r i s i s a s i n g l e m a t e r i a l . The two mushrooms being 
g e n e t i c a l l y and morphological ly d i s t i n c t (S inger , I961) a l so 
d i f f e r i n t h e i r carbohydrate con ten t s , The carbohydra te content 
PHA 
of 4° campestr i s_/as r epo r t ed ^"b3^2: |^^ e„.a^d Coni:^tt (1969) i s 4/^ ' 
U)0 No ^^ "^^  
' ^ '-^. ' / •• 1 •*— W " " ^ - J 
S 
• (78 ) 
PHA 
whi le t h e carhohydrate content of k_. b l s p o r u s i h a s "been found 
to "be 2 o5?3 i n the presen t s t u d i e s . 
Con A -sepharose a f f i n i t y chromatography has been e x t e n -
s i v e l y used for the p u r i f i c a t i o n of var ious g lycopro te ins and 
hemagglut in ins (Allan e t ^a l . . , 1972^ Guatrecases and T e l l , 1973; 
Nachma et_ a l , , 1973? Steinemann and S t r y e r , 1973; Ahmad et_ al^. 
1977) o However to the bes t of the au thor knowledge l ec t in? 
from i_ b i sporus has not been pur i f i ed wi th t h i s method 
before , 
11 VITRO STUIDIES ON L^.CTIlS (AG-ARICUS BISPORUS PHA-B) l/ir.DIAT .^D 
INSUII^I RELEASE AND ^^Ca^"^ UPTAKE BY ISISTS OP lAATGEEHANS 
The e f fec t of p a r t i a l l y p u r i f i e d f r a c t i o n of ii_. b i sporus 
PHA-B on i n s u l i n and glucagon r e l e a s e has been demonstrated 
by Ewart e_t_ al^ , (1975), while the o the r f r a c t i o n PHA-Zi has been 
shown to have no e f fec t on the hormone s e c r e t i o n from i s l e t s 
of langerhans , The s t u d i e s were c a r r i e d out wi th t h e A„ b i sporus 
PHA-B p r e p a r a t i o n which exhibi ted two bands on polyacrylamide 
g e l e l e c t r o p h o r e s i s . Therefore , i t was not i d e a l l y pure p r e -
p a r a t i o n for d e t a i l e d s t u d i e s on t h e r e l e a s e of hormones from 
t h e i s l e t s c e l l which i s supposed to r e q u i r e s p e c i f i c i n t e r -
a c t i o n between l e c t i n s and endocrine s e c r e t o r y c e l l s „ 
The present s t u d i e s have been c a r r i e d out with a homo-
geneous A. b i sporus PHA-B prepoxat ion , ^Aiich ejdiibited only 
(79) 
one "band on polyacrylamide gel electrophoresis . The data 
presented here confirm the findings of Ewart et_ al_o (1Q75) on 
A« hisporus PHA-B mediated insul in re lease from the i s l e t s , 
In the present studies i t has "been shown that the sub-
stimulatory dose of glucose for insu l in re lease when added to 
the medium causes optimal Op uptake which i s not a l tered by 
ra i s ing the glucose concentration to 10 folds „ Thus contreiry 
to insu l in re lease , the r a t e of Op uptake does not seem, to 
change by increasing the ex t race l lu la r glucose concentration„ 
I s l e t s of langerhans do survive in the presence of glucose and 
perform severa l metabolic functions viz^ oxygen consumption, 
glucose oxidation (Gunnarsson et_a]^,, 1974) and these metabolic 
functions are inhibi ted by diabetogenic agents . Also, the 
purif ied l e c t i n which i s known to stimulate insu l in re lease 
v^ hen added to the medium containing 2 mJ/I glucose does not have 
any effect on Op uptake. The fa i lu re of the l e c t i n to s t imulate 
Op uptake indicates that the i s l e t c e l l metabolism i s not 
affected by l e c t i n i s l e t i n t e r a c t i o n . This i s in agreement 
with the suggestion tha t the l e c t i n ' stimulated insu l in re lease 
i s not energy dependent (Bwart et_ a l ., 1975) . In the cur ren t ly 
accepted view, peptide secretory process demonstrate a uniform 
requirement for energy (Stormorker, 1969) , The present finding 
may therefore suggest that the observed argumentation of insu l in 
re lease by l ec t i n s i s due to cel l injury„ However, exposure of 
4° ^isporus PHii_B to i s l e t s does not lead e i ther to s t ruc tu ra l 
"(80) 
damage of the i s l e t s at l igh t microscopic l eve l or to the 
impairment of i s l e t s responsiveness to glucose st imulation as 
evident from the present s tudies on insu l in re lease hy A. 
"bisporus PH/i-B in the presence of 2 mJS glucose. 
Many types of mammalian c e l l s undergo some a l t e r a t ions 
in t h e i r "behaviour when interacted with ce r t a in l ec t in s . Such 
effects of l ec t i n s are well described in "blast transformation 
(Nowell, 1960)5 induction of the release react ions in p l a t e l e t s 
(Majerus and Brodie, 1972), _induction of a number of insu l in 
l i k e effects i n fat ce l l s (Cuatrecasas and Te l l , 1973; Czech 
and Lynn, ''973) » Our observations that the purified A. bisporus 
PHA-B as obtained by the described method stimulates in su l in 
re lease from i s l e t s of Langerhans when incubated with 2 mjM 
glucose are iji agreement with those of Ewart et_ a]^, (1975) -
The stimulation of insu l in release has been found to be 
l e c t i n dose dependent, where maximum insu l in re lease i s observed 
at l e c t i n concentration at about 60,ug/mlo These observations 
together with the continuous recording of Qxygen uptake by 
i s l e t s in the presence of l e c t i n further confirm the maintenance 
of c e l l u l a r i n t e g r i t y upto at l eas t two hours (data not shown) » 
The insu l in release in the presence of 2 mJ/I glucose and 2 mil 
glucose + 17o5/Ug/mlo A bisporus PHA-B progressed as a l i nea r 
function of time for a period of one hour, but the increase in 
response to l e c t i n i s 3 fold as compared to 2 mT.! glucose 
silone. 
..(81)-
The stepwise process of in su l in release from the B-cell 
i s novi' well established and the ro le of raiorotuhules in / 3 -
granule migration has heen suggested (Malaisse et_ a]^., 1971; 
Ber l in , 1972) „ The chain of events involvefi i n insu l in 
secre t ion has heen described as recognition by the B-ce]_ls of 
changes in the ex t race l lu la r concentration of glucose, t r a n s -
mission of the message to the i n t r a c e l l u l a r s i t e s , the movement 
of insu l in granules towards c e l l membrane and fusion of granular 
membrane with the c e l l membrane and f ina l ly extrusion of the 
granules to the ex t race l lu la r space by eraiocytosis , Keeping 
in view the energy independent nature of l e c t i n stimulated 
i n su l i n re lease i t s effect on the microtubular microfilamentous 
mediated accelerat ion of granule migration can be ruled out, 
s ince microtubular a c t i v i t y i s believed to be energy dependent 
(Goodman eji a^,, 1970) . 
Glucose stimulated insu l in release from i s l e t s has been 
shown to be inhibi ted by duterium oxidf. (lacy et_ al^,, I9685 
Malaisse e_t_ a i = , 1971) ^ Ewart et_ al^. (1975) have also shown 
tha t A. bisporus l e c t i n mediated insu l in re lease i s also 
inhibi ted by duterium oxide,, This c lear ly assigns, that the 
l e c t i n binding i s at i s l e t c e l l surface, because duterium oxide 
i s known to modify intramolecular forces with resu l t ing s t a b i -
l i z a t i o n of protein configuration (Calfin et_ al_„, 1959) » I t i s 
conceivable, therefore , that l e c t i n induces a l t e r a t i ons in the 
s t ruc tu re or arrangement of specif ic membrane components of 
- ( 8 2 ) 
B-cel ls may in some way f a c i l i t a t e the process of exocytosis 
of insul ino 
-^ Ga uptake "by i s l e t s of Xangerhans 
The in, v i t ro s tudies on the uptake of -'Ca "*" "by i so la ted 
i s l e t s of langerhans and the effect of Agaric us bisporus l e c t i n 
f rac t ion PHA-B presented in th i s d i s se r t a t ion show that t h i s 
l e c t i n i s able to enhance ^^Ca "^  uptake by i s l e t s in the 
presence of 2 uM glucose , The '^ •^ Ca "*" uptake has been found to 
be l e c t i n dose dependent . If these data are compared with 
those of insu l in release presented in t h i s d i s se r t a t ion , i t 
would appear that there i s a def in i te cor re la t ion between 
l e c t i n stimulated •'Ca uptake by i s l e t s of langerhans and 
the corresponding insu l in re lease , 
Gangerman et_ a]^ c (1980) have shown ace ty lchol ine-
potent iated glucose stimulated insu l in re lease from ob/ob mouse 
i s l e t s o However, they have demonstrated tha t there was no 
effect of acetylcholine on glucose oxidation and on basal insul in 
secret ion at glucose concentration of 3 ml*^  or l e s s , but f o r t i -
fied a t higher concentrat ion. Their data showed a discrepancj/-
betweepx the effect of acetylcholine on insu l in re lease and that 
of Ca "^  uptake - acetylcholine stimulated ^^Ca uptake at 
3 ml glucose concentration but not at 11 mMo Similar conclu-
sions have been drawn by other workers too (Hellman et_ alo, 
1978; F lo t t e_tai=, 1978) » Contrary to the acetylcholine 
- ( 8 3 ) 
stimulated ^^Ca uptake by i s l e t s , our studies have shown that 
the l e c t i n PHA-B stimulates '^ -^ Ca uptake by i s l e t s . I t also 
st imulates basal i n su l in release at glucose concentration of 
2 mM in the medium = The '^ '^ Ga uptake in terms of cpm/5 i s l e t s 
increases about 30 fold with 50 ijg/ml l e c t i n as com-pared to the 
cont ro l which contain 2 mM glucose but no l e c t i n , The co r re s -
ponding insu l in re lease increases from 33/UU/5 i s l e t s / h r to 
165 AJU/5 i s l e t s / h r thus showing an increase of about 5 fold with 
50Ajg/ml l e c t i n . 
The resu l t s presented here are i n agreement with the 
2+ general hypothesis that Ca plays a ro le in stimulus secret ion 
coupling (Douglas, 1968) . Malaisse and coworkers (197I) have 
also shown that Oa incorporation v/as enhanced by insu l in 
secretagogues l ike D-^lucose, D-mannose, I - leucine , tolbutamide, 
uninfluenced by compounds lacking insu l in re leas ing a c t i v i t y 
( 3-0-methyl-D-glucose5 I^glucose, D-Ieucine, D-galactose) and 
counteracted by inh ib i to r s of insu l in re lease (D-^nannoheptulose, 
diazoxide, 1-adrenaline) „ The stimulatory effect of A. bisporus 
PHA-B appears to be similarto the insu l in secretagogue in 
enhancing the -'Ca uptake and insu l in re lease by i s l e t s „ 
In the previous studies on ^ C a uptake by i s l e t s , the 
ex t race l lu la r space was compensated by washing without lanthanum 
(Malaisse-Iagae and Malaisse, 1971) or by using radioact ive 
mannitol as an ex t race l lu la r space marker (Hellman et_ aj^,, 
1971). Both the techniques were not sa t i s fac tory with regards 
(84) 
to the poss ib i l i t y of estimating the i n t r a c e l l u l a r contents of 
'^ ^Ca , The mannitol method, does not compensate for "Ca 
hound to the surface of c e l l and on ce l l u l a r t i s sue component, 
vvashing without lanthanum permits a f ract ion of i n t r a c e l l u l a r 
""Ca to escape hefore the i s l e t s r ad ioac t iv i ty i s measured „ 
The present s tudies have been carr ied out by loading the i s l e t s 
v;ith -^ Ca and af te r washing with "buffer containing lanthanum 
chloride to prevent the loss of i n t r a c e l l u l a r Ca from 
leakage by blocking transmembrane fluxes of Ca of loaded 
i s l e t s as described by Hellman et_ al_, (1976) .. Using lanthanum 
washing technique, i n response to 2 mM glucose and A, bisporus 
l e c t i n i t has been found that •'Ca uptake was enlianced by 
i s l e t s associated with insu l in r e l e a s e . These r e su l t s are in 
agreement with those of Hellman et_ a]^,, (1976? 1977), where thoy 
have sho\¥n that various modifiers of insu l in relee^se (D-glucose, 
D-mannose, L-Ieucine, tolbutamide) enhance the lanthanum non-
displaceable Ca ' uptake by iso la ted pancreatic i s l e t s „ 
The present s tudies also show that the effect of l e c t i n 
on ''Ca ^ uptake in the presence of 2 TM glucose pe r s i s t as 
evident from the time course studies carr ied out on isolated 
i s l e t s . The elevated -'Ca "*" uptake as compared to control 
pe r s i s t s for at l eas t two hours of incubation. 
A very s t r i c t cor re la t ion between i s l e t s Ca uptake and 
insu l in re lease has been demonstrated in i s l e t s of langerhans 
(Malaisse-Iagae and Malaisse, 1971; Malaisse, 1975). The 
( 8 5 ) -
2+ 
effects of glucose and l e c t i n on insul in re lease and 
uptake suggest that glucose and l e c t i n stimulated i s l e t s had 
incorporated Ca "^  into the ce l l v\?ith a pa r t i cu l a r ly high 
a f f in i ty for the ion" with simultaneous insul in releaseo One 
of the p o s s i h i l i t i e s i s that glucose and l e c t i n could enhance 
the t o t a l inflow of Ca ' hy a l t e r ing the t ransport ing proper-
t i e s of B-cells„ The precise things are that probably glucose 
and l e c t i n by t he i r stimulatory effect on i s l e t s , may have 
created new Ca storing compartment in B-cell . Such change 
may also involve an increase in the number of i n t r a c e l l u l a r 
?+ Ca binding s i t e s , an increase in the a f f in i ty of the p r e -
2+ exi s t ing s i t e s and a sequestering of Ca within the membranes. 
Histochemical studies at the u l t r a s t r u c t u r a l l eve l have revealed 
tha t glucose promotes the deposition of Ca near the insu l in 
secretory granules and plasma membrane of the B-cel ls (Herman 
and Hales, 1973; Schafer and Kloppel, 1974) = This deposition 
2+ of Ca due to glucose may resu l t for the re lease of insulin,. 
Agaric us bisporus PHA-B t r igger ing the same type of effect on 
i s l e t s , thus promoting ''Ca "*" uptake, may be the cause for 
s t imulat ing insu l in release from i s l e t s of langerhans „ 
The sluggish behaviour of the -^^ Ca re lease as demons-
t ra ted by Hellman e^ a^. (1976) i s in s t r ik ing contrast to the 
r ap id i ty with which the glucose stimulated insu l in secretion 
i s affected by changes in the ext race l lu lar '^^ Ca^ "^  concentra-
tiono Yrhen the r a t pancreas was perfused with about 17 ra?I 
•(86) 
D-glucose i n the absence of Ca "*"; and the sudden i n c l u s i o n 
of 2.5 mM Ga i n the perfus ion medium caused a prompt secretory-
response t h a t reached i t s me.xLmum wi th in a couple of minutfes 
2+ (Grodsky, 1972) . Conversely, t he renev/ed withdrawal of Ca 
from the medium r e s u l t e d i n a quick drop of t h e s e c r e t o r y r a t e 
to b a s a l value w i th in 2 minutes (Grodsky, 1972) « Hellm.an 
et_ al_o (1973) observed t h a t t h e withdrawal of ''Ca '*' from 
i s l e t s perfused with 17 mlvl glucose and 0=1 ml/I i o d o a c e t a t e 
caused a 50^ drop of s ec r e to ry r a t e wi th in seven minu tes . The 
r a p i d i t y with which the glucose induced i n s u l i n r e l e a s e i s 
?+ inhibi ted on withdrawal of Ca suggests that the secretory 
2+ responsiveness i s also dependent on a f a i r l y l a b i l e Ca pool 
tha t i s perhaps located in the B-cel l plasma membrane. 
As evident from the studies presented here the ""Ca 
uptake and in su l in re lease i s effected by l e c t i n (A. bisporus 
PHA-B) . If insu l in re lease i s controlled by ionic events in 
or near the B-CG11 plasma membrane, the simplest conceivable 
way of act ion of the l e c t i n w-ould be to bind d i r e c t l y on the 
plasma membrane or t r ad i t i ona l receptors The data presented 
here on the st imulat ion of Ca uptake by l e c t i n suggests 
t ha t , possibly the l e c t i n induces a l t e ra t ions in the s t ruc ture 
and arrangements of specific membrane components may in some 
way fa^_'cilitate the process of '^ ^Ga uptake and the process • 
of exocytosis with resu l t ing accelerat ion of hormone 
r e l e a s e . 
(87) 
INSULIN REIEASE AWI5 ^^Ca^+ UPTAKF. BY ISLETS IN AGING IN 
RESPONSE TO AGARICUS BISPORUS lECTIN 
Prom the r e s u l t s presented i n Pigo 18, i t would appear 
t h a t b a s a l i n s u l i n s e c r e t i o n a t 2 ml glucose does not a l t e r 
wi th age of t h e r a t s , This i s i'n agreement w i t h the f ind ings 
of l i p s o n et_ al^. (1981), however, v/hen l e c t i n PHA-B was added 
to i s l e t s i s o l a t e d from d i f f e r e n t age groups of r a t s , i n the 
medium con ta in ing 2 mil g lucose , the e f fec t of age i s qu i t e 
s i g n i f i c a n t . The i s l e t s from younger age group i . e . one month 
old r a t sho¥/ 1 .5 fold h igher i n s u l i n s e c r e t i o n as compared to 
t h e i s l e t s from 12 month old r a t s „ The slower response i n t h e 
case of i s l e t s from older r a t s occurs d e s p i t e t h e fac t t h a t 
i s l e t s from o lde r r a t s Eire l a r g e r and con ta in more B - ^ e l l s 
and t h a t each B- c e l l s t o r e s more i n s u l i n than B - c e l l s from. 
younger r a t s (Gold et_ al^., 1976; Ki tahara and Adelman, 197^; 
Reaven e_t^  a l - , 1979) • 
l i k e w i s e , the e f f ec t s of 2 mM glucose and A. Tpisporus 
PHA-B on uptake of Ca "*" by i s l e t s on d i f f e r en t ago groups of 
r a t s a re presented i n P i g , 19 and 20 • Here t oo , t h e ^^Ca^"^ 
uptake by i s l e t s does not a l t e r with age, but when t h e A„ 
b i sporus PHA-B was added t o the medium, t h e ^^Ca^^ uptake by 
i s l e t s from one month old r a t s show more than 3 fold s t i m u l a -
t i o n as compared to the i s l e t s i s o l a t e d from 12 month old r a t s . 
When t h e incuba t ion per iod was inc reased from 1 hour to 2 hours 
(88) 
the corresponding Ca uptake also increases showing the same 
pa t te rn in different age groups , The slower response of i s l e t s 
i so la ted from older r a t s to glucose or leucine as compared to 
the response of i s l e t s from younger r a t s to the above sugar and 
amino acid with respect to insu l in release has heen reported "by 
Heaven et_ al_. (1979), Reaven and Reaven, (1980) , 
I t has teen shown hy l ipson et_ a i . (I98l) that decrease 
in the insu l in re lease response, of i s l e t s from older r a t s i s 
associated with decreased adenylcyclase a c t i v i t y without a l t e -
r a t ions in phosphodiesterase and hasal protein kinase act ivi tyo 
They have concluded that enzyme changes may play ro l e in the 
diminished insu l in release response to glucose from aging rEits ., 
The influence of adenylcyclase-cAMP system on the glucose 
stimulated in su l in release in adult i s l e t s has been reported 
by Gr i l l et_ al . (1974), l ipson et_ a]^. (198I) have also suggested 
that the glucose stimulated insu l in release shows a diminished 
r a t e in aging r a t s whereas the basal insu l in secret ion remains 
unchanged , The r e su l t s presented in t h i s d i s se r t a t ion that 
there i s a diminished ra te of insu l in re lease in aging r a t s in 
response to A. bispprus PHA-B, and the basal i n su l in secretion 
remains unchanged are in agreement with those of l ipson et_ al_-
(1981) 0 
The low effectiveness of glucose in fetus compared with 
that on the adult might be caused by an inadequate i n t r a c e l l u l a r 
concentration of cAI^ P as has been suggested by several workers 
(89) 
(Iaml)ert et_al„, 1970; Burr e^ al«, 1971; Kervran et al=, 1977) = 
On the other hand, no difference in cMIP concentration and in 
phosphodiesterase activity were observed in the pancreatic 
islets of 21 day old rat fetuses and their mothers (Mintz et_ al., 
1973) o Kervran and Randon (1980) have shown that theophylline 
potentiates the total insulin release elicited by glucose from 
18.5 to 21.5 day of the gestation by an average of 659^  „ Simdlar 
findings have been also reported by other workers in adult rats 
(Brisson e^ al., 1972; Grill and Gerasi, 1974; Henquin, 1978). 
These findings suggest that insulin release by the islets 
through quantitative changes in the adenylcyclase - cAMP system, 
is unlikely. It has been shown that in the case A. bisporus 
PH/i-S, the potentiation of insulin release in the presence of 
substimulatory glucose concentration (2 mM) is independent of 
sources of metabolic energy It does not alter islet glucose 
oxidation to COp, as shown in this dissertation, and incorpora-
tion of H-leucine into islet proteins (Ewart et_ al.., 1975). 
Therefore its effect through the activation of adenylcvclase 
can be ruled out since this process would require energy for the 
release of insulin from B-cells. The stimulation of insulin 
release by PHA-B is dose dependent as has been shown in this 
dissertation and the stimulation requires only substimulatory 
glucose concentration This also support the view that L_. 
bisporus PHA~B stimulation of insulin release is independent of 
energy requirement,, 
(90) 
In Fig ,. 15 and 15, i t has been shov.m t h a t '!i_o b i spprus 
PHA-B p o t e n t i a t e s the subs t imula to ry glucose i n i t i a t i o n of 
i n s u l i n r e l e a s e as v^rell as - Ca "^  uptake by i s o l a t e d i s l e t s of 
2-1-Langerhans , Although the requirement of e x t r a c e l l u l a r Ca 
for s t i m u l a t i o n of i n s u l i n r e l e a s e by p h y s i o l o g i c a l agents has 
long been e s t a b l i s h e d (Grodsky and Bennet t , 1966; Milner and 
Hales , 1967; Curry e t _ a l „ , I968) » The r i s e i n the concen t r a -
2+ t i o n of c y t o s o l i c f r ee Ca i s t he common l i n k i n the s t imulus 
s e c r e t i o n coupling for var ious s e c r e t o r y c e l l s (Douglas, 1968; 
Razmussen, 1972) , 
The r e l a t i v e importance of d i f f e r e n t p o s s i b l e sources of 
2+ 
a c t i v a t o r , Ca i s s t i l l a mat ter of debate and t h e r e i s no 
gene ra l agreement about the primary e f fec t of glucose on the 
2 + Ga movements t h a t could b r ing about i nc rea se i n c y t o s o l i c 
2+ Ga which i s r equ i red for the s t i m u l a t i o n of i n s u l i n r e l e a s e 
by glucose and o the r p o t e n t i a t o r s (Ashwooth, 1971? Ma la i s s e -
Lagae, et_aL„, 1971; Gerich e_t_al., 1974)= L-Leucine and 1 -
a r g i n i n e both i n c r e a s e s the r a t e of r e t e n t i o n of Ca "^  by 
i s l e t s (T ix i e r -V ida l et a^ , , 1976; l a t z - B u c t i e r , 1^77). 
Recent ly i t ha s been shown t h a t glucose s t i m u l a t i o n r e s u l t s i n 
4 5 2+ 2^ -
an i n c r e a s e of Ca uptake m t h o u t enhancing the t o t a l Ca 
content of the i s l e t (Walters et_ a]^.., 1982) = I t has been 
suggested t h a t t h e enhanced uptake of Ca may be t h e c o n s e -
quence of i nc reased pe rmeab i l i t y of c e l l membrane and inc reased 
c y t o s o l i c Ca ^ ion as a r e s u l t of' mob i l i z a t i on of Ca^"^ from 
i n t r a c e l l u l a r s t o r e s . 
(91) 
'''he Ao "blsporus PHA-B stimulated ''Ca "*" uptake hj i s l e t s 
as shown in the present s tudies i s l e c t i n dose as well as time 
dependent and there i s a def ini te increase in the t o t a l "'Ca 
content of the i s l e t s in response to the lect in. , The A^„ hisporus 
PHA-B mediated ^^Ca"'^ uptake does not seem to mohilize ^^Ca ""^  
from i n t r a c e l l u l a r s tores of the B-cells , If the r e su l t s of 
Ao Msporus PHA~B mediated insul in re lease and Ca "^  uptake hy 
i s l e t s in different age groups of r a t s are compared, i t would 
appear that Ca "^  uptake i s probably a p re - requis i te for 
stimulatory action of A, hisporus PHA-B to re lease insulin^ 
The glucose stimulated uptake of -^Oa "^  by i s l e t s of 
langerhans i s knovm to be energy dependent and substances that 
i n t e r f e r e with the energy production of i s l e t s viz^ 2 , 4 - d i n i t r o -
phenol and antimycin A, causes loss of Ca "^  uptake by the 
i s l e t s in response to a high glucose concentration (Hellman, 
1979) " In the case of A„ bisporus PHfi-B, as has been mentioned 
e a r l i e r , the st imulation of insu l in re lease i s not energy 
dependent (Swart e_t_ al^ = , 1975) » However, the present finding 
that A. bisporus PHA-B stimulates ''Ca "*" uptake require further 
s tudies on energy dependent of the A. bisporus PHA-B stimulated 
•^^ Ca ^ uptake by the i s l e t s of langerhans „ The effect of 
4 ' bisporus PHA-B on adenylcyclase- cAIJP system has not been 
studied presently The s tudies would further throw some l i g h t 
on the mechanism of Ao bisporus PHA-B mediated insu l in re lease = 
(92) 
Although i t s etiology i s not fu l ly known, maturity onset 
diabetes melli tus i s a common disease in human population and 
may he caused due to al tered insu l in secret ion and hiosynthesis , 
increased adiposi ty , al tered s e n s i t i v i t y to in su l in and al tered 
in su l in action in addition to possibly die tary and exercise 
changes (Andres and Tobin, 1977; Davidson, 1979)- Cl in ica l 
human studies and in ylyo^ animals s tudies have revealed, decrea-
sed unchanged or increased glucose stimulated insu l in re lease 
in aging (Orockford, 19665 Dudl and Unsinck, 1977; Andres and 
Tobin, 1977; Davidson, 1979; Yoshino et_a]^., 1979; SoQriodibroto 
et_8a«5 1979)" In v i t ro studies have demonstrated s ign i f i can t ly 
diminished glucose stimulated insu l in release from i s l e t s of 
aging r a t s (Gold et_ al. . , 1976; Kitahara and Adc'lman, 1979; 
Heaven et al o, 1979; l ipson et_ aa , , 1981). The r e s u l t s of the 
effect of Ao bispprus PHA-B on insu l in release from i s l e t s of 
aging r a t s also shovv' a diminished r a t e of insu l in secret ion, 
hence, are in agreement with those mentioned above. The effect 
of l e c t i n on insu l in re lease and ''Ca "*" uptake by i s l e t s of 
aging r a t s i s the f i r s t report presented in th i s d i s s e r t a t i o n . 
If the concept of specif ic in t e rac t ion of A, b i s per us 
PHA-B and i t s receptors leading to Some conformational changes 
i n the s t ruc ture of the membrane of the B-cells i s accepted, 
then i t would be conceiveable that aging has some effect on 
the s t ruc tu ra l or conformational i n t e g r i t y of the B-cel l 
membrane which would lead to a l t e r a t ions in the responsiveness 
(93) 
of B - c e l l r e c e p t o r s t o 4 - b i s p o r u s PHA-J3 b i n d i n g which i n t u r n 
4S 2 + \TOuld e f f e c t -^ Ga u p t a k e "by i s l e t s and c o n s e q u e n t l y e x o c y t o s i s 
of i n s u l i n , However, more work i s r e q u i r e d t o u n d e r s t a n d t h e 
e x a c t mechanism of A_° h i s p o r u s , l e c t i n media ted i n s u l i n 
r e l e a s e . 
EFFECT OF STEEPTOZOTOCIN-IICOTIMMIDe; INTSRACTIO!^ ON PRO-
INSULIN BIOSYNTHESIS IN ISOLATED RAT ISI^^TS OP LANGERHANS 
EPPEICT OP LECTINS THEREON 
The p r e s e n t s t u d i e s d e m o n s t r a t e t h a t s t r e p t o z o t o c i n 
14 
e x e r t s a d i r e c t and immedia te i n h i h i t o r j ' ' e f f e c t on C - l e u c i n e 
i n c o r p o r a t i o n i n t o i s o l a t e d i s l e t s of l a n g e r h a n s Many worke r s 
have shown t h a t g l u c o s e s t i m u l a t e s t h e r a t e of i n c o r p o r a t i o n 
of exogenous amino acic^s i n t o p r o i n s u l i n (L in et_ al^o, 1972^ 
Pe rmu t t and l i p n i s , 1972) . Th is s t i m u l a t o r y e f f e c t of g l u c o s e • 
h a s "been p o s t u l a t e d a s due t o enhanced f o r m a t i o n of RN* 
( P u c h i n g e r and Wacker, 1972) . I t i s known t h a t g l u c o s e s t i m u -
l a t e s t h e s y n t h e s i s of p r o i n s u l i n i n p r e f e r e n c e t o o t h e r i s l e t 
p r o t e i n s (Bforris and Korne r , 1970; B a n s a l et_ a ] ^ . , 1980) 
Almost comple t e p r o t e c t i o n a g a i n s t s t r e p t o z o t o c i n t o x i c i t y 
t o t h e B - c e l l w i t h r e s p e c t t o i n s u l i n r e l e a s e has been demons-
t r a t e d when n i c o t i n a m i d e was i n , i e c t ed s i m u l t a n e o u s l y t o r a t o r 
up t o two h o u r s of i n ; i e c t i o n of s t r e p t o z o t o c i n ( D u l i n and Wyse, 
1969; S t a U f f a c h e r et_ a l „, 1Q70) . Exposure of i s o l a t e d r a t 
(94) 
i s l e t s of Langerhans to s t reptozotocin has "been shown to 
inhilDit sulssequent glucose Induced insul in re lease , whereas 
the presence of nicotinamide during streptozotocin exposure 
protects the insu l in re lease (Golden et_ al_., 1971) -, Other 
metabolic functions of i s l e t s ce l l s l i k e glucose oxidation are 
also reversed hy nicotinamide, v«hen exposed to streptozotocin 
(Wyse and TJulin, 1971; Gunnarsson et_ al^ , 1974) = 
Streptozotocin when incuhated alone with i s l e t s produces 
79?^  i nh ih i t i on of the incorporation of the t r ace r into acid 
ethanol extractable proteins which predominantly consis ts of 
proinsul in while nicotinamide when incubated simultaneously 
vdth s t reptozotocin protects the proinsulin biosynthesis , The 
protect ion of nicotinamide i s dose dependent and the complete 
protect ion i s brought about by 4 mg nicotinamide against 
s t reptozotocin concentration of 1 .5 mg per 60-70 i s l e t s in the 
incubation medium. Keeping in mind the s treptozotocin spec i -
f i c i t y for B-cells and the proinsulin as a predominant protein 
in the acid-ethanol extract ion procedure, the incorporation of 
the t r ace r into other non-insulin proteins of the i s l e t s can 
be neglected for the present s t ud i e s . 'Jhen l e c t i n (A. bisporus 
PHA-B) was added in the medium along with s treptozotocin no 
s ignif icant change was observed in the incorporation of the 
lebel led amino acid into the acid-ethanol extractable prote in , 
tha t consis ts of predominantly insu l in /p ro insu l in . A. bi_s_p_or^ u_s_ 
PH/i-S which probably binds with the receptor on B-cel l membrane 
(95) 
causing conformational changes resu l t ing in the secret ion of 
insu l in does not affect the toxic action of s t reptozotocin, 
probably due to the i r different s i t e s of in te rac t ion on the 
B-cel l membrane. 
I t has been demonstrated that streptozotocin can produce 
DM damage (Bhuyan et_ a]^., 1976) and suggested that the repa i r 
of MA by poly (ADP-ribose) polymerase which u t i l i z e s NAD"^  
(Smulson et_ a]^., 1977) r e s u l t s in the reduction of NAD"^  (Hn and 
Hashim, 1967; Slonim et_ al, , , 1976).. Streptozotocin, depresses 
ITAD"', thus inhib i t ing glucose induced insu l in re lease , whereas 
nicotinamide prevents i t (Golden e t_a l . , 1971) • Streptozotocin 
which produces DNA damage, also depresses the MP"*", Nicot ina-
mide, a precursor of NAD"' f u l f i l s t h i s d e f i c i t , causing the 
protect ion against streptozotocin inhibi tory action» The i)ro-
14 insu l in biosynthesis as shown by the incorporation of 0 -
leucine into proinsulin in the present study may also be 
s imi lar ly affected by streptozotocin and the protect ion of the 
same by increasing doses of nicotinamide may be preventing the 
decrease of NAD"*", thus maintaining the leve l of poly (ADP-
ribose) polym^erase wMch protects DM from damage, 
Piecently, Bennett and Pegg (1981) have demonstrated that 
s treptozotocin i s a potent methylating agent react ing with DNA 
in v i t ro to form methylated purines ,. I t produces s igni f icant 
methylation of pancreatic DNA which, i f concentrated in the 
B-cell may account for the i r destruction. Pretreatment v.ith 
(96) 
n ico t inamide reduces the extent of raethylation of panc rea t i c 
DNA „ 
Our obse rva t ions t h a t n icot inamide can r e v e r s e the 
s t r e p t o z o t o c i n i n h i b i t e d i n s u l i n / p r o i n s u l i n b i o s y n t h e s i s en the 
B - c e l l i s i n agreement vvith t h e above f indings l-Ticotinaraide 
by p r o t e c t i n g the DNA aga ins t a l k y l a t i o n , by s t r e p t o z o t o c i n . 
probably he lps i n t h e b i o s y n t h e s i s of p r o i n s u l i n / i n s u l i n i n 
B - c e l l , which proceeds undis turbed „ 
SECRETION OF INSULIN PROM ISOLATED ISIETS OP IANGERHANS OP RAT 
IN RESPONSE TO CHOIEGYSTOKININ (CCK-4) AND ITS ANALOGUES 
The ques t ion why o r a l a d m i n i s t r a t i o n of glucose r e s u l t s 
i n a cons ide rab ly g rea t r i s e of i n s u l i n s e c r e t i o n than i t s i „ v . 
a d m i n i s t r a t i o n a t the same r a t e was p a r t i a l l y answered when 
s e v e r a l g a s t r o i n t e s t i n a l f a c t o r s were shown to evoke i n s u l i n 
s e c r e t i o n . Among the g a s t r o i n t e s t i n a l po lypept ides sue:gested 
to possess i n s u l i n o t r o p i c a c t i v i t y a re cho lecys tok in ins (CCKs), 
g a s t r i c i n h i b i t o r y po lypept ide (G-IP), s e c r e t i n , g a s t r i n , v a s o -
a c t i v e i n t e s t i n a l po lypep t ide (" /^IP) and the gut pept ide« 
The i n s u l i n o t r o p i c r o l e of CCK i s not yet c l e a r Due to 
d i f f i c u l t i e s i n m-easuring CCK, l i t t l e informat ion i s a v a i l a b l e 
regard ing i t s concen t r a t i on i n c i r c u l a t i n g blood and i t s 
r e l e a s e by spec i f i c n u t r i e n t s - Also, cho l ecys tok in in , e x i s t s 
i n s e v e r a l molecular forms, viz.. CCK-4, CCK-8, CCK-~33 and CCK-39 
(97) 
(Mutt, 1978), whose effects on insul in re lease are diverse 
depending upon the aniraal species (Robinovitoh and Dupre, 1974; 
Rehfeld et_al_,, 1980; iUiren and Lundquist, 1982; Szecov/ka et a l . , 
1982) . 
In the present s tudies CGK-4 (TrD-Met-Asp-Phe-KH^) and 
i t s two analogues Glp-Met-Asp-Phe-M^ and Pro-I/Iet-Asp-Phe-MH^, 
synthesized in t h i s lahoratory, have been tes ted for t he i r 
insul inot ropic effect on i so la ted ra t i s l e t s of langerhans = 
The CCK-4 st imulates in su l in re lease from iso la ted i s l e t s at a 
-10 
concentration of 10 M= The insu l in re lease mediated by CCK-4 
i s dose dependent and increases with the concentration of 
peptide - These r e s u l t s are in agreement with those of Rehfeld, 
1971; Rehfeld et_ al^,, 1980; where CCK-4 has an im.mediate and 
potent effect on i s l e t c e l l secret ion , I t has been suggested by 
Rehfeld et_ a l „ (1971) that human i s l e t s may also have receptors 
for GGK-4 5 and thus i t may act as a neurotransmitter or neuro-
hormone in human pancreas , The potent effect of CCK-4 on 
insu l in secre t ion and B-ceil growth ( larsson e_t_ al^o, 1977, 1968) 
i s of considerable importance and thus a su i t ab le analogue of 
CCK-4 may be of value in the treatment of diabetes melli tus . 
^I'lhen Trp was replaced by Glp and Pro, the potency of the 
CGK-4 i s considerably reduced. The insu l in re lease from i s l e t s 
i s ob«erved at 10 M peptide concentration as compaxed to the 
CCK-4 (10~ ^1) o Thus by replacing Trp the potency of the CCK~4 
i s reduced. I t may be suggested that Trp i s necessary for the 
(98) 
expression of insu l in re leasing a c t i v i t y of CCK-4 . This i s in 
agreement with Eehfeld ^ t ^ i - (1980), where they have shown that 
removal of Trp from M^-terminal , extension of glycine, grea t ly 
reduces the secretagogue a c t i v i t y . However, the effect of these 
analogues have not loeen tested on other animal species as f a r . 
I t wi l l be of considerable i n t e r e s t to t e s t the . insulinotropic 
a c t i v i t y of several such analogues on different animal species, 
since i t i s known that the different molecular form of GCEs are 
specific for the i r a c t i v i t y (Szecowka et_ al_o, 1982), 
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SUMMARY AND COIJCIUSIO^ 
(121) 
The endocrine ce l l s have a unique propertj'' of being able 
to respond to a specific physiolofcical stimulus with a r e su l t an t 
re lease of stored hormone in a modulated fashiono The mechanism 
through which ext racel lu lar factors govern the i n t r a c e l l u l a r 
events in the endocrine loancreas remain poqrlv defined. The 
secret ion of insul in "by pancreatic B-cells i s stimulated Toy 
sugars, amino acids, ketone hociies, hormones, cAMP and i t s 
der ivat ives . Insul in re lease i s the r e su l t of a sc r ies of 
phenomenon including synthesis of proinsulin in the endoplasmic 
reticulum, t ransport of proinsulin to the G-olgi apparatus, forma-
t ion and maturation of /rranuies, conversion of proinsulin to 
insu l in , t ransfer or conversion of granules to a l a b i l e form 
and f i na l ly re lease of in su l in from the B-ceiiSo Toctins from 
Agaricus bisporus and Ag^ aricu_3_ c^ampestri_s_ st imulate insu l in 
re lease from i s l e t s of langerlaans . Binding of A_. b_iS£p_rus_ PHA-B 
stimulated insul in relCdse were inhibi ted in pa ra l l e l by a 
glycopeptide containing the oligosaccharide receptor for l e c t i n , 
thus l e c t i n binding appears to be essen t ia l for the expression 
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of i t s i n s u l i n r e l e a s i n g a c t i v i t y . The stuc^ies have heen 
c a r r i e d out wi th the view to o h t a i n some informat ion regard ing 
the e f fec t of some e x t r a c e l l u l a r events on the mechanism of 
i n s u l i n r e l e a s e , l e c t i n PHA-B and s t r e p t o z o t o c i n have been 
used for our s t u d i e s on t h e i r i n t e r a c t i o n with t h e i r pos s ib l e 
r e c e p t o r s on B - c e l l s membranes. 
ISOI/ITION, PURIFICATIOF, li'TD CTIARACTERIZATIOT^ OP ITICTIHS 
PROM ^GARICUS BISPORUS 
The need f'-r the development of a more' e f f i c i e n t and 
simple method for the p u r i f i c a t i o n of Agaricus b i sporus l e c t i n 
was f e l t e s p e c i a l l y when one of i t s f r a c t i o n IHI-B was found 
to be ohle to r e l e a s e i n s u l i n from, the i s l e t s of langerhans „ 
The present p u r i f i c a t i o n procedure c o n s i s t s of Con/I -
sepharose a f f i n i t y chromatofrraphy and phosphocei l u l o s c c h r o -
matography. A_ • b i sporus PHA was pur i f i ed with a recovery 
of 90,8/^ and -6 fold p u r i f i c a t i o n by Con A -sepharosf column 
chromatography when crude e x t r a c t (^aCl e x t r a c t and hea t 
t r e a t e d ) w£.s passed through Con A-sepharose column and was 
e lu ted with 0 J M mannose i n phosphate buffered s a l i n e , 0 „02 M, 
pH 7=2o The p r e p a r a t i o n was reso lved in to two hemagn-lutinating 
f r a c t i o n s by phosphocel lu lose column chromatography thus about 
80/^ ' of t h e hemagglut inat ing a c t i v i t y of t he Con A-sepharose 
(123) 
e l u a t e was e lu ted at pH 5-85 ( f r a c t i o n PH.'.-A), whereas 1S^ of 
t h e hemag;<5;lutin.ating a c t i v i t y was re leased from t h e column 
when t h e pH of the e lu t ing buf'fer was r a i s e d t o 8o2o 
The Con A-sepharose e lua t e exhibi ted one ma,ior and one 
minor hand on polyacrylamide ge l e l e c t r o p h o r e s i s corresponding 
t o EHA-A and PHA-B . The PH/v-'i and PHA-B obtained by phospho-
c e l l u l o s e column chromatography exhibi ted s i n g l e band s e p a r a -
t e l y on polyacrylamide gel e l e c t r o p h o r e s i s , showing homogeneous 
p r e p a r a t i o n of the two PH4s f r a c t i o n s . 
The molecular weights of t he pur i f i ed A. bl-§J2.oiiZiL§_ ^''*'-''^ 
and PHA-B as determined by sephadex G-100 gel f i l t r a t i o n As/ere 
64,100 and 58,000 r e s p e c t i v e l y The n e u t r a l sugars content of 
t he pu r i f i ed PHA was found to be 2 „S5^  as es t imated by phenol 
Sulphuric ac id method. 
EFFECT OP AGARICUS BISPORUS PHA-B O^T GJUCOSE lEiTABOIlSM IN 
ISOLATED ISIETS OP lANGERHAHS 
These s t u d i e s were c a r r i e d out i n order t o s tudy t h e 
e f fec t of A^o b i sporus PHA-B on oxygen uptake by t h e i s o l a t e d 
i s l e t s of Pangerhans „ I t was found t h a t in t h e pres^-nce of 2 raJ^T 
glucose a lone and 2 mT,! glucose + 17.5/KJg/ml A. b i sporus PH4-B 
( t h a t produces ha l f maximial s t i m u l a t i o n of i n s u l i n r e l e a s e ) 
t h e r e was no s i g n i f i c a n t d i f f e r ence i n the nl of Op up take . 
(124) 
S i m i l a r l y no s i g n i f i c a n t change i n Op uptake was observed when 
glucose concen t r a t i on wsis r a i s e d to 20 Ml and keeping PEIA-B 
concen t r a t i on 17"5/Ug/m]_. Thus i t appeared t h a t t h e A. "bisporus 
BIA^ did not a l t e r the r a t e of i s l e t glucose metaholism. 
IN VITRO STUDIES ON AGARICUS BISPORUS PHA-B MEDIATED I^ vTSUIIN 
R:e;i?.ASE PROM I S I E T S OP I^ANGSRH/INS 
The study was c a r r i e d out i n order to determine the i n s u l i n 
s e c r e t i n g p rope r ty of the pu r i f i ed ,A_, b isporus PHA-B For 
i n v i t r o s t u d i e s i s l e t s were incubcated with A. b i sporus PHA-B 
(17 .5/Ug-100/Ug/ml) i n t h e presence of 2 mil g lucose i n KBB 
mediumo Samples were drawn a t an i n t e r v a l of one hour and t h e 
i n s u l i n conten t was est imated by radioimmunoas'say» 
I t was found tha t a t 2 miH glucose + 17.5/Ug/mi PHA-B 
t h e i n s u l i n r e l e a s e was 109 +/UU/5 i s l e t s / h r as compared to 
t h e c o n t r o l (2 ralf g lucnse ) , which was 33 t 5/uU/5 i s l e t s / h r » 
Thus, t h e r e was 3,3 fold i nc rea se i n i n s u l i n r e l e a s e i n response 
to the l e c t i n as compared to the c o n t r o l . The s t i m u l a t i o n of 
the i n s u l i n r e l e a s e was found to be l e c t i n dose as we l l as 
t ime dependent = The maximal s t imu la t i on of t h e i n s u l i n r e l e a s e 
was obtained a t l e c t i n concen t r a t i on of about 60/Ug/ml a f t e r 
which the r e l e a s e of i n s u l i n tends to be s t a t i o n a r y . The 
l e c t i n s mediated i n s u l i n r e l e a s e from, i s l e t s of langerhans 
proceeded as a l i n e a r funct ion of time for about one hour„ 
(125) 
The i n s u l i n r e l e a s e i n presence nf 2 mI5 glucose a lone and 2 raf^ 
g lucose + 17.5/Ug/ml ( i» loisporus PHA^) was enhanced from the 
beginning and a f t e r 20 minutes of incuba t ion t h e r e l e a s e i n t h e 
presence of A_, b i sporus PH/i.^ was about t h r e e t imes as compared 
to 2 mI'./[ g lucose alone and the same propor t ion was maintained 
throughout the one hour period of i n c u b a t i o n . 
I t i s conce ivab le , therefor-e, t h a t l e c t i n induces a l t e -
rc . t i cns i n t h e s t r u c t u r e or arrangement of s p e c i f i c membrane 
components may i n some way f a c i l i t a t e t h e process of exocytos is 
with r e s u l t i n g a c c e l e r a t i o n of i n s u l i n r e l e a s e . 
^^Ca^^ UPT/iI<T. STTJDIIS I^l THE PRSSEFGE OF GLUCOSE AND 
•'i . BISPORUS PHA-S BY ISOIATED ISIETS OP IA^^ TQERHANS 
?+ 
I -g lucose a l t e r s t h e s t a t e of Ca i n i s l e t s of langerhans 
and enhances the r a t e of uptake of i s o t o p e . I t ha s ' been assumed 
t h a t B - c e l l s a re r e spons ib l e for observed s t i m u l a t o r y e f fec t 
on i s l e t calcium uptake and a very s t r i c t c o r r e l a t i o n between 
i s l e t r a d i o a c t i v i t y and i n s u l i n r e l e a s e has been demonst ra ted . 
These s t u d i e s were c a r r i e d out i n order to f ind out the a b i l i t y 
A R 9-1-
of the p u r i f i e d A_- b i sporus to enhance Ca uptake by i s l e t s 
as A_ b i spo rus PHA-B i s a l s o an i n s u l i n secretagogue, . 
I t was found t h a t i n t h e presence of 2 ml/I glucose + 
17<.5/Ug/ml A,= b isporus PHA-B the -^ Ca "*" uptake by i s l e t s was 
enhanced more than eleven fo lds as compared to the c o n t r o l 
(126) 
(2 mlvi glucose) wherecis when the l e c t i n concen t r a t i on was r a i s ed 
to 50/Ug/ml, t h e corresponding Ga "^  uptake "by i s l e t s was 
i n c r e a s e d more than 30 fo lds as compared to the cont ro l» The 
Ga "^  uptake was found to be l e c t i n dose and t ime dependent o 
4 5 2+ The r a t e of the -^ Ca uptake increaseri with the concen t r a t i on 
of the l e c t i n and the maximal uptake was achiever^ a t l e c t i n 
c o n c e n t r a t i o n of ahout 60,ug/ml and then the r a t e slows dnwn 
u n t i l i t reached a s t a t i o n a r y phase a t st-hout 75/Ug/ral l e c t i n 
c o n c e n t r a t i o n . Thus t h e r e was a s t r i c t c o r r e l a t i o n between 
i n s u l i n r e l e a s e and "'Ca "*" uptake by i s l e t s „ The maximal i n s u l i n 
r e l e a s e a s wel l as maximal Ga "^  uptake was achieved a t l e c t i n 
c o n c e n t r a t i o n of about 60 ,u g/ml „ Both the s t u d i e s were c a r r i e d 
out i n the sane se t o f , expe r imen t . 
For time course s t u d i e s i s l e t s were incubated wi th 2 mf,I 
g l u c o s e , 2 mJ/i glucose + 17„5 ijg/ml 4° b isporus PH.4-B and -^ Ca "*" 
4 5 2+ for Vcirious per iods of tim.e. The r a t e of Ga uptake inc reased 
l i n e a r l y with time for about 120 minutes a f t e r which i t became 
s ta t ionciryo There was a s i g n i f i c a n t s t i m u l a t i o n i n the uptake 
of Ga "^  a f t e r the a d d i t i o n of A » b i sporus PHA-B in t h e medium 
(l7»5/Ug/ml) and thus a t t h i s l e c t i n c o n c e n t r a t i o n the s t i m u l a -
t i o n of -'Ca uptake ir- more than 12.5 folds ascompared to 
t h e c o n t r o l (2 ml'I g l u c o s e ) , 
2+ I t may be concluded t h a t Ga p lays a v i t a l r o l e i n s t imulus 
s e c r e t i o n coupl ing and the i n s u l i n r e l e a s e and ''Oa uptake i s 
a f f ec t ed by t h e l e c t i n (A. b isporus PHA-5) . I f i n s u l i n r e l e a s e 
(127) 
i s c o n t r o l l e d "by ion ic events i n or near t h e B - c e l l membrane 
t h e a c t i o n of the l e c t i n A^/oulc^  he to hind d i r e c t l y to the plasma 
membrane or t h e t r a d i t i o n a l r e c e p t o r s ., The s t i m u l a t i o n of 
Ca uptake by l e c t i n a l so suggests t h a t the l e c t i n induces 
a l t e r a t i o n s i n t h e s t r u c t u r e and arrangement of s p e c i f i c membrane 
component may i n some way f a c i l i t a t e t h e process of Oa up-
take and the process of exocytos is of hormone r e l e a s e . 
I^ TSUIIl^ T REIEASB IN AGING IN RESPONSE TO AGARICUS BISPORUS 
PHA-B PROM ISIETS OP lANGERHANS 
Matur i ty onset d iabe tes m e l l i t u s may be caused due to 
a l t e r e d i n s u l i n s e c r e t i o n and b i o s y n t h e s i s , i nc reased a d i p o s i t y 
and a l t e r e d i n s u l i n a c t i o n I t has been demonstrated t h a t 
g lucose mediated i n s u l i n r e l e a s e i s diminished i n ag ing . 
Por rn y i t r p s t u d i e s of the ef fec t of A . b i sporus PHA--B 
on i n s u l i n r e l e a s e and -^ Ca uptake by the i s l e t s i s o l a t e d from 
1, 3 , 6 and 12 month old r a t s were incubated with 2 mM glucose , 
2 :M glucose + 17o5/Ug/ml A, b i sporus PHA-B and ^^Ca^"^. I t 
was found t h a t the basa l i n s u l i n r e l e a s e i n the presc>ncc of 
2 ntfi g lucose was alamost the same i n a l l the group of i s l e t s 
i r r e s p e c t i v e of t h e ago of the r a t s . 
The A . b i sporus PHA-B s t imula ted i n s u l i n r e l e a s e q u i t e 
s i g n i f i c a n t l y i n younger an ima l s . The i n c r e a s e i n the r e l e a s e 
of i n s u l i n i n the presence of l e c t i n i n the case of i s l e t s 
(128) 
i s o l a t e d from one month old r a t vms 6 fo lds as compared to the 
c o n t r o l (2 mT/l g lucose alone) whereas the i n c r e a s e i n the i n s u l i n 
r e l e a s e i n the presence of the l e c t i n was 2,4 fo lds as compared 
to t h e c o n t r o l i n the case of i s l e t s i s o l a t e d from 12 month old 
r a t . There was a l so a 1 ,,5 fold i n c r e a s e i n i n s u l i n r e l e a s e i n 
t h e case of i s l e t s of 1 month old r a t as compared to the i s l e t s 
of 12 month old r a t i n response to l e c t i n (A^ ., h i spo rus PH^i-B) . 
I t may he concluded tha t i n s u l i n r e l e a s e i n aie;ing i n 
response to A „ h i sporus EHA-B fol lows t h e same p a t t e r n as the 
g lucose s t imula ted i n s u l i n r e l e a s e and i f the concept of s p e c i f i c 
i t s 
i n t e r a c t i o n of k_. h i sporus PHA^. and- recep to r s l e a d i n g to confor -
ma t iona l changes i n t h e s t r u c t u r e of t h e memhrane of B - c e l l s i s 
accep ted , then i t would he conceivable t h a t aging has some 
e f f e c t on t h e s t r u c t u r a l or conformat ional i n t e g r i t y of B, c e l l 
memhrane which would l ead to a l t e r a t i o n i n the respons iveness of 
B - c e l l to 4o h i sporus PHA-^. 
^^Ca^^ UPTME BY ISISTS OP DIPPERENT AGE GROUPS IN PRESEATCE 
OF AGARICUS BISPORUS PHA-B 
The corresponding Ga uptake s t u d i e s were c a r r i e d out 
hy i s l e t s i s o l a t e d from 1, 3, 6 and 12 month old r a t s i n r e s -
ponse to 2 ml'.^  g lucose and A_» IJisporus PHA-B. I t was found t h a t 
l i k e i n s u l i n s e c r e t i o n the "^ -^ Ca "*" uptake hy i s l e t s i n response 
to 2 Mi g lucose did not a l t e r with age and when the i ncuha t ion 
129) 
p e r i o d v/as i n c r e a s e d from 1 hour to 2 hour t h e r e was no change 
o b s e r v e d i n the u p t a k e . 
The s t i m u l a t i o n of Ca '*' u p t a k e "by i s l e t s i n r e s p o n s e t o 
!!'• h i s p o r u s PH/^-B (17 =5/Ug/ral) was maximum i n t h e i s l e t s i s o l a t e d 
from j^ounger a n i m a l s a s compared to t h e o l d e r ones , The u p t a k e 
h i g h e r 
i n r e s p o n s e to l e c t i n was 54 ,5 iolA/±n t h e c a s e of i s l e t s i s o -
l a t e d from 1 month o ld r a t a s compared t o t h e c o n t r o l ( 2 m.M 
g l u c o s e ) whe reas t h e i n c r e a s e i n -'Ca "^  u p t a k e was 20=4 f o l d i n 
t h e c a s e of i s l e t s of 12 month o l d r a t a s compared t o t h e c o n t r o l , 
There v/as an i n c r e a s e i n l e c t i n s t i m u l a t i o n of Ca u n t a k e i n 
t h e c a s e of i s l e t s of 1 month o l d r a t hy 3 f o l d a s compared to 
t h e i s l e t s which were i s o l a t e d from 12 month o ld r a t . 
45 2+ The c o n c l u s i o n may he drawn t h a t Ca u p t a k e i s p r o h a h l y 
a p r e r e q u i s i t e fo r t h e s t i m u l a t o r y a c t i o n of A^ . h i s p o r u s PHfi-B 
f o r i n s u l i n s e c r e t i o n and t h e i n t e r a c t i o n of PH/'i-B and i t s 
r e c e p t o r which l e a d s to c o n f o r m a t i o n a l changes i n t h e B - c e l l 
m.embrane would a f f e c t Ca u p t a k e a n d c o n s e q u e n t l y e x o c y t o s i s 
of i n s u l i n However, more work i s r e q u i r e d t o u n d e r s t a n d t h e 
e x a c t mechanism of A. b i s p o r u s PHA-B media ted i n s u l i n r e l e a s e . 
EFFECT OF STRSPTOZOTOCIT^-J^IICOTIMMIDE II^ TTEEACTIO^T O^T PROKISUIIIVT 
BIOSYJITHSSIS IN IS0L.4TED ISIETS OF lAATGERHMS s EFFECT OF LECTINS 
THEREON 
Streptozotocin i s a known diabetogenic agent ?.h.ose toxic 
(130) 
action can he reversed by nicotinamide. In order to study the 
effect of streptozotocin-nicotinamide in te rac t ion these studies 
wore performed by incorporation of 0-leucine in to acid-ethanol 
extractable proteins (proinsul in / insul in) = 
I t was found that by increasing the concentration of 
s t reptozotocin from O.OS to 1 =5 mg per 60-70 i s l e t s , the b i o -
synthesis of t o t a l i s l e t protein decreased correspondingly as 
compared to the control (non-streptozotocin exposed i s l c t e ) 
and a t s treptozotocin concentration of 1.5 mg per 60-70 i s l e t s 
the t o t a l protein biosynthesis was retarded by 5,5 fold as 
compared to the con t ro l . By increasing the coneentrsition of 
nicotinamide from 0,5-4 mg per 60-70 i s l e t s , Keeping s t r e p t o -
zotocin concentration constant (1.5 mg), the inhibitorjT- action 
of s t reptozotocin wa-s reversed and at nicotinamide concentra-
t ion of 4 mg in the medium the protein biosynthesis was restored 
to control value. 
Similarly, the addit ion of s t reptozotocin (0.05-1.5 mg/ 
60-70 i s l e t s ) in the medium resulted in the inh ib i t ion of 0 -
leucine incorporation into acid-othanol extractable proteins 
(proinsulin) . I t was found that at s t reptozotocin concentra-
t ion 1,5 mg/60-70 i s l e t s , there was 79fo inh ib i t ion of the 
incorporation of the t r ace r into proinsulin and thus the proinsul in 
biosynthesis was retarded to 21^ as compared to the control . 
For protec t ive studies nicotinamide (0.5-4 mg/60-70 i s l e t s ) 
was incubated at constant concentration of streDtozotocin 
(151) 
(1,5 mg) . I t was observed that at nicotinamide concnntration 
4 mg/60-70 i s l e t s , 100?^  protection was achieved against the 
s t reptozotocln toxicity. , 
There was no s ignif icant change in the Incorporation of 
G-leucine into i s l e t proteins and proinsulin in the presence 
of Ao hisporus PHA-B „ There; was a ^^io decrease in the incorpo-
rat;?" rad ioac t iv i ty in acid othanol soluble protein as compared 
to the control-, The decreased rad ioac t iv i ty counts in the ac id-
ethanol extracts of i s l e t s may he due to the re lease of stored 
hormone in the B-ce l l s . 
I t may he concluded that streptozotocln a diabetogenic 
agent, i r J i ib i t s the proins.ulin biosynthesis by depressing MI) 
which i s required by poly (ADP-ribose) polymerase for the repai r 
of DWA, the damage caused by s treptozotocln o TTicotinamide a 
precursor of MD may be preventing the decrease of IAD'*', thus 
maintaining the level of poly (ADP-ribosc) polymerase which 
protects DNA from damage thus protect ing proii^.sulin b iosynthes is . 
Alkylation of D1^T4 bases in the pancreas by s treptozotocln m.ay 
be another ejqolanation for the inh ib i t ion of proinsulin b i o -
synthccus, whereas nicotinamide reduces the extent of methyla-
tion and thus preventing proinsulin biosynthesis . A<, bi_sp£r£S_ 
PHA-B docs not exert any effect on the toxic action of s t r e p t o -
zotocln, prob3,bly due to the i r different s i t e s of in te rac t ion 
on B-cel l membrane» 
(132) 
STIGRSTIOW OF I5SIIII1M FROM ISOIATP,]} ISISTS OF LAiviGBPflANS 
lAT RESPONSE TO CHOniCYSTOEI^ TBT (CCE-4)' AND ITS ANALOGUES 
Cholecysfcol^ininF: a re loca ted i n c e n t r a l and p e r i p h e r a l 
ne rves and t h e i r nerve t e r m i n a l s have "been found i n pancrea t i c 
i s l e t s which have known insu l ino t r o p i c property« Among CCKs, 
GCIC-4 (Try4aet--.\sp_Phe JMg) i s t he most e f f e c t i v e one . OCK-4 
and i t s two analogues Glp-Iiet-Asp-Phe-NHp and Pro 4fet-Asp-Phe-
M p were synthesized i n t h i s l a b o r a t o r y and were s tud ied with 
r e s p e c t to i n s u l i n r e l e a s i n g property= 
The i n s u l i n r e l e a s e from the i s l e t s of l angerhans at the 
CGK-4 (Trp-Met-1sp-Phc-NH2) c o n c e n t r a t i o n of 10"'"^H w-s 
68 + 8/UU/5 i s l e t s / h r as compared, to the c o n t r o l (2 mj¥ glucose) 
which was 30 + 5/UU/5 i s l e t s / h r . The i n s u l i n r e l e a s e inc reased 
l i n e a r l y with the concen t r a t ion of t h e t e t r a p e p t i d e . , ' 'hen 
t ryp tophan of the GCK-4 was rep laced "by p-glutamatc the t e t r e -
pep t ide formed (Glp-Met-4sp-Phe-NH^) was not t h a t potent = This 
Q 
t e t r apep t ide was act ive a t higher conccntr'/.tion of 10 M. 
Similar ly when tryptophsin of the CGK-4 was replaced hy proline 
the te t rapept ide thus formed (Pro-Diet-Asp-Phe-Jffl) also lost 
the a c t i v i t y . I t was act ive at concentration not less than 
10"%. 
(133) 
I t mcy t e suggested that tryptophan i s necessary for 
the expression of insul in releasing a,ctivity of the CCK-4 . 
Any subs t i tu t ion on IJ-terminal mcy be the cause of l e s s 
a c t i v i t y as shown by the present s tud ie s . However, i t w i l l be 
of considerable i n t e r e s t to t e s t the insul inotropic a c t i v i t y 
of these analogues on other animal species as CGKs are species 
specif ic for t h e i r a c t i v i t y . 
